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DESIGN SYMMETRICAL CONCRETE ARCHES 


The method analysis here given believed considerably simpler 
than any accurate method applying the elastic theory symmetrical arches 
heretofore published. 

The formulas are derived actual integration and the results are there- 
fore even more exact than those obtained the usual method dividing 
the arch rib into finite lengths. order that the integration could per- 
formed, was necessary express the arch axis and the thickness rib 
mathematically. equation has been derived which, for different values 
the ratio the loading per unit length rib the springing line that 
the gives curve that has been found coincide almost exactly 
with the dead load pressure line for practical bridge arches. Another equa- 
tion defines very satisfactorily the variation thickness the rib from 
springing line crown between any desired limits. substituting these 
equations the general elastic equations for symmetrical arches, definite for- 
mulas for reactions have been obtained. 

Tables are given for the solution the equations for the form the axis 
and rib, and also tables and diagrams for obtaining the reactions due the 
dead and live loads and the temperature and rib-shortening effects, together 
with complete influence lines for the moments the crown, springing 
and quarter points, and diagrams giving the maximum and minimum bend- 
ing moments with corresponding thrusts for the crown, springing line, and 
quarter points. These tables and diagrams eliminate all involved calculations 
such are necessary applying the ordinary methods designing 
metrical arches. 

order that the treatment this method may complete and the nota- 
tion entirely clear, has been thought best develop the formulas from the 
fundamental elastic relations. The graphical construction the influence 
lines been given completely for both vertical and horizontal loads 
shows the curve for which the equations and serves 
satisfactory method for checking. 


discussion this. closed with the March, 1925, Proceedings. 
When finally closed, the paper, with discussion full, will published Transactions, 


Engr., Milwaukee, Wis. 


eedings, 
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The equations for the arch axis and the variation the rib thickness and 
the method integrating them are due Strassner.* general method 
solution the arch differs somewhat from that the writer, and does 
not obtain the equations for the and influence lines given herein. 

This quick method obtaining the stresses arch rib makes pos- 
sible proportion the rib more accurately and efficiently for the desired 
stresses than would possible ordinary means. The results given the 
tables and diagrams may used for the final design since they are accurate 
can obtained any other method applying the elastic theory. 

For the convenience those who may desire use the tables and diagrams 
for designing, the notation summarized the conclusion the descriptive 
part the paper. 


INTRODUCTION 


Although the hingeless concrete masonry arch one the oldest 
structural forms and has become recent years one the most important, 
great many arches have not been scientifically economically designed 
because lack simple method analysis. has been quite customary 
assume the proportions the rib with the guidance previous experience 
empirical semi-empirical formulas for rib thickness. many cases, 
the “design” has consisted merely checking the stresses assumed rib. 
the stresses came within the limits set the specification, the design was 
considered satisfactory. The economy design made this way depends 
entirely the skill and experience the designer, because, will shown 
later, the rib thickness may vary between wide limits and still satisfy the 
specification. 

None the formulas for rib thickness use the present time 
general application, and general formula can written which would 
simple enough for practical use and still give accurate results for the full 
range the variables occurring practice. order determine the stresses 
determine the effect variation rib thickness the stresses 
that the full strength the materials may utilized, necessary 
analyze several assumed designs. account the great amount 
time and labor involved, this has not ordinarily been possible. Approximate 
methods have been use which permit preliminary study the rib pro- 
portions, but they are not accurate for all cases and are not general 
satisfactory for final design.t 

The writer believes that the methods given herein will satisfy the need 
for simplified, accurate treatment arch ribs. has attempted 
eliminate all unnecessary details the application the elastic theory the 
problem and has not mentioned the ellipse elasticity, because does not 


“Neuere Methoden zur Statik der Rahmentragwerke und der elastischen Bogentrager.” 


Such method given Victor Cochrane, Am. Soc. E., his paper, 
“Design Symmetrical Hingeless Concrete Arches”, Proceedings, Engrs. Soc. 
Pennsylvania (November, 1916), 647, and also Waddell, Am. E., 
his “Bridge Engineering,” Vol. 868. 
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seem needed for the treatment the symmetrical rib. The data given 
the tables and diagrams can used without thorough knowledge the 


entire theory, but the designer should have least general understanding 


the action arches. 

far the majority arches are symmetrical, but the following methods 
can also applied unsymmetrical arches many cases, explained 
Andrews, Assoc. Am. Soe. E.* 


The stresses arch rib that fixed each end are statically inde- 
terminate. The ordinary conditions statical equilibrium which give the 
the reactions the abutments, and necessary write additional equa- 
tions based what known assumed regard the elastic deforma- 
tions the rib. the elastic deformations depend the design the rib, 
necessary assume definite form for the rib before the forces can 
determined. For any particular rib designed, equations can derived 
giving the horizontal, vertical, and angular displacements one the abut- 
ments, relative the other, for any desired condition loading, and the 
solution these equations will determine the unknown reactions the abut- 
ments, after which the problem becomes one simple statics. For ribs with 
rigidly fixed ends, the displacements the abutments are zero, and for ribs 
with elastic supports, these displacements are equal the yielding the 
supports. 

General equations for the deflection curved elastic ribs will first 
derived and then applied the particular case the symmetrical fixed arch. 

Theorem.—One the fundamental relations which great 
value deriving formulas for the solution elastic ribs expressed 
Maxwell’s theorem reciprocal displacements, the derivation which 
given here order that its meaning may fully understood. 

Let P,, forces acting elastic body and 4,, 4,, 4,, 
the total displacements the points application the forces 
the direction the respective forces. the forces are applied gradually 
and simultaneously, they will vary magnitude from zero the dis- 
placements vary from zero the forces must vary directly the dis- 


placement the elastic limit not exceeded, the average force will 


exerted through distance, Therefore, the total external work done 
the forces during the time their application will be: 
This equation may written: 


“Reactions for Particular Type Unsymmetrical Arch’’, Proceedings, Am. Soc. E., 
October, 1923, Papers and Discussions, 1685. 
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corresponding displacements there are only two forces considered 

can equal the summation group forces each multiplied its 
displacement. the latter case, can express the effect couple well 


For example, in’ Fig. let the two forces, and P,, produce the deforma- 
tions, and 4,, when acting simultaneously. these forces are equal and 
opposite, they form couple the moment which is: 


Areas represent external work 


The angular displacement, equal to: 
4,+ 

The work done these two forces is: 


Substituting the values given previously: 


Therefore, the term, used for couple well for single 
9 a p 


force and, the case couple, represents the the couple and 
4,, the corresponding angular displacement. and will mentioned 
single forces, but has been proven they can represent either single force 
the moment couple. 

Let the displacement the point application the direc- 
tion the line action produced unit value acting alone. 
Let represent the displacement the point application the force, 


This holds true only for small angular displacements such arches. 


q a 
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its and will the corresponding displacements the points, and respec- 
tively, produced unit value acting alone. Then, 


first the load, P,, placed the structure alone, the displacement 
leforma 


the additional displacement will 6,, and the additional displace- 
ment will force, P,, will acting its full amount 
through the distance, and, therefore, the work done when added, 
will be: 


the total amount work done both forces is: 


This relation illustrated Fig. which represents two loads simple 
beam. This not general case, but used for simplicity. 
assumed that placed the structure first, and then added, 
the equation for the work done becomes: 


the total work each case must the same, follows that: 


or, 


Maxwell’s theorem based this equation. For arch rib, may 
expressed follows: 

two unit forces, and act separately any two points, and 
respectively, elastic rib, the linear displacement the point, the 
direction parallel the line action produced the force, the 
same the linear displacement the point, the direction parallel 
the line action the force, produced the force, P,. 

2.—If elastic rib acted separately unit force, P,, any point, 


single and unit couple, any point, the angular displacement radians 
the tangent the rib produced the force, P,, equal the linear 
displacement the point, the direction parallel the line action 

two unit couples, and M,, act separately any two points, 
and respectively, elastic rib, the angular displacement the tangent 
the rib produced the couple, equal the angular displace- 
ce, ment the tangent the rib produced the couple, 


General Equations for Elastic Curve for Arch order derive 
the general equation for arch ribs, consider length, curved concrete 
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rib, shown Fig. The section the rib assumed rectangular and 
symmetrical. The following notation will used addition that shown 
the diagram: 
direct thrust; 
bending moment; 
(n—1) A,} reinforced with steel, which, 
moment inertia the rib 
unit stress the center the rib; 
stress the outer fiber; and 


The stress the center the rib The stress the outer fiber 


and the inner fiber, Then, the deformations 


The length the center fiber being the length the 


outer fiber 


being equal the unit stress multiplied the length divided the modulus 
elasticity, 


and, 


Ads 
Elastic Curve 


DESIGN SYMMETRICAL CONCRETE ARCHES 1333 


and 


From Fig. the angular deformation, the rib the length, ds, 
shown 


given by: 


But, 
Hence, 
Tds 
(1) 
The value 
Substituting the value for and ds, Equation (1) becomes: 
Tds 


For the proportions arch ribs used practice, Equations (1) and (2) can 
written, follows, without appreciable error: 


Displacements Due the angle between the tangent 
the rib axis any point and the z-axis, which the chord the rib, 
cos ds. 
Let the ordinate any point the elastic curve for given loading. 
That is, the vertical displacement the corresponding point the rib. 
fiber Then, the slope the elastic curve, which the angular displacement 
the tangent the rib axis and will called The derivative this 
angular displacement, with respect equal the value which 
nations given Equation (3). The value, the increase the slope angle 
the elastic curve for the length, and, therefore, 


The negative sign introduced because the value measured from the 
chord instead from the tangent the derivation Equation (3). 
Then, 


cos 
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and, 


This differential equation for the elastic line can used for determining 
the deflection under any loading integrating twice and introducing the 
proper constants integration. The sign should changed the deflection 
relative tangent instead the chord desired. 

Equation (5) has also another important meaning. For beam under 
vertical loading, the first derivative the bending moment the shear, 
V,and the first derivative the shear the load per unit length 
beam, or, 


From Equation (5) seen that, 

these two analogous equations the deflection corresponds the bending 


moment, and the term, corresponds w,, the load per unit 


length. follows, therefore, that: 
The deflection, equal the bending moment which would pro- 


duced beam each partial length, ds, loaded with its corresponding 


The supports this imaginary beam are those points where the arch rib 
considered supported. The slope the elastic curve any point 


value 


equal which obtained integrating Equation (5) once. There- 


fore, for rib supported its ends: 


The slope the elastic curve any point equal the shear which would 
produced beam each partial length, loaded with its 


The tangent the angle deflection the ends the span equal 
the reactions the corresponding ends beam which each partial length 


ing value 


the 
under 
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means the foregoing rules, the angular linear displacements any 
points rib can easily determined graphically when the bending moments 
are known. merely necessary divide the rib into sections small enough 

construct the bending moment and shear diagrams these values 
were loads applied the centers their respective sections. The resulting 
shear any point the angular deflection and the bending moment the 
deflection, 

has been assumed that the deflection normal the x-axis and that 


the loads are acting also normal the should noted that 


the method applies well inclined horizontal displacements. any 
the elastic line constructed axis perpendicular the 


give the desired accuracy, compute the values and 


direction the displacements desired and the loads are then applied nor- 


mal this axis. 

example the application this graphical method given Fig. 
assumed that the form the rib and the size and location all the 
acting are known. desired construct the elastic line 
the rib under. this assumed loading. The bending moment diagram first 
constructed axis, R’, perpendicular the direction the desired 
displacements. rib then divided into small lengths and the value 
vertical forces, lay off the load line the force polygon and draw rays 
any pole point, which the perpendicular distance from the load line 
The funicular polygon, constructed with sides parallel the 
corresponding rays the force polygon. This funicular polygon then the 
bending moment diagram the rib, considering each division loaded with its 


computed for each division. Considering these values 


value The ordinates this diagram multiplied the pole length, 


give the displacements, or, 
Displacement, 

This displacement can measured from any tangent chord the curve 
desired. For instance, the rib fixed the right end, the displacement 
the point, would pd, measured from the tangent the curve the 
right end, the displacement relative the line joining the two 

The angular displacement the tangent any point relative any other 
tangent chord can also determined from the linear displacements. For 
example, shown Fig. the, angular displacement, between the tan- 
gent the left end and the line through the two ends is: 


6 p (R” R,") 


nding 

unit 

nding 

rib 

int 

would 

pond- 
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extending the sides the funicular polygon (Fig. 5), may 
seen from similar triangles the force and funicular polygons that, 


Force Polygon 


M&As 


Values 


olygon 
— 


Displacement 


Rit 


Also, should noted that the angle between the adjacent sides the 
funicular polygon the same that between the adjacent rays the force 
polygon and equals which equal 

Actually, the elastic curve not the funicular polygon, which consists 
broken line with straight sides, but rather the smooth curve drawn tangent 
all these sides. For simplicity, the rib Fig. was divided into only six 
sections. order get the proper accuracy, about twenty sections should 

used for arch ribs. 
Displacements Relative Tangent the Rib Any Point Produced 
Bending the rib shown Fig. desired find the dis- 
placement the point, with respect the tangent the point, The 
rib will assumed fixed Considering one small length the rib, 
ds, which subjected bending moment, the angular distortion this 


or, 
which, will proven, the displacement, 
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Mds 


(from Equation (3)), and the summation for the 


entire rib will be: 


The vertical y-displacement the point, due the bending this 
one small length rib will be: 


Or, for the whole rib, 


Similarly, 
BMyds 
should noted that the origin the co-ordinates, and the mov- 
ing point, and the integration from the moving point the fixed point, 
Displacements Due the Direct stress due direct thrust 


The change length rib for the section which has length, ds, 


produced this direct stress is: 
From Fig. 

Then, 

The deflection, due the normal thrust can determined integrating 

this equation. 


BMds 
gon 
dad 
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The horizontal displacement will be: 


cos 
Hence, 


The horizontal displacement due both bending and direct thrust given 
the combination Equations (10) and (12): 


The analysis here given one the simplest and most direct. methods thi 

possible for determining the influence lines for the reactions, bending moments, 

and thrusts, under moving loads, for arch rib with fixed ends. These influ- 

ence lines make possible determine accurately the effects concentrated 

loads and place the loads correctly for maximum stresses different sec- 
tions the rib instead arbitrarily loading certain part the span. 


The graphical solution given can performed quickly and can made 
check the analytical solution within fraction per cent. This certainly 
accurate enough for practical purposes and has advantage that the re- 
sults can more readily checked than set tabulated values. Even the 
analytical solution used, understanding the graphical method gives 
better conception the meaning the figures that they not appear 
merely abstract tables. avoid errors individual values always 
well plot the values obtained analytically see that they fall smooth 
curve. 

equations for the reactions the arch will 

derived means the formulas given Section for the displacements. 
assumed that the rib symmetrical with the abutments the same level. 

will first considered that the left abutment cut away, Fig. leaving 
the reactions, and acting the rib simple cantilever. 


The following notation will used 
displacement the left end due the reactions; 
4,y displacement the left end due the 
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angular displacement the left end due the reactions; 
displacement the left end due the loads; 
4,y displacement the left end due the loads; 
angular displacement the left end due the loads; 


vertical movement the left abutment; and, 
angular movement the left abutment. 
Although the left abutment has been cut away from the rib, leaving that 
end free move whereas was fixed before, there can tendency for the 
(13) rib move because the same abutment forces are still acting it. will 


seen that the sum the displacements the left end the cantilever pro- 
duced the loads and the reactions must equal the movement the 
abutment before was cut away. rib rigidly fixed the abutments, 
this movement zero. The following equations can written: 
Using the left end the rib the origin co-ordinates, the moment, 
any point, due the reactions is: 
Substituting this value Equations (8), (9), and (10) from Section 


nents, 
influ- 
sec- 


the 
ves 


L EI L 
will 
level. the center co-ordinates now shifted the center gravity the 
Ryds 


values the terms, EI’ and will equal 


condition shown Fig. The reactions, and are con- 
sidered acting rigid cantilever arms attached the left end that 
they are acting through the “elastic center gravity.” order that the 
moment the left end shall kept the same before, necessary 


with the moment, M’, which must equal 


This shift co-ordinates can effected substituting Equation (15), 
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and Equations (16) become: 


Then, as, 


these equations reduce the following: 


giving the displacements produced bending only without considering the 
effect direct thrust, which the case the vertical reaction slight 
negligible. For flat arches, however, the effect the horizontal thrust 
should considered. The values and are considered posi- 
tive when the span lengthened and negative when shortened. 

From Equation (12) for direct thrust, 


cos 
cos 
cos 


Then the displacements due bending and thrust the reaction can 
written: 


Pay 

Fie. 
val 
yie 
sin 
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The moment any point, due single superimposed vertical load 
equal (see Fig. 9). The value always considered positive. 
Again, using Equations (8), (9), and (10), the displacements due the load, 
are: 


= v= — 


Substituting Equations (18) and (19) Equation (14) and solving for the 


Effect the abutments are rigid, there 
yielding and and are zero. The formula for can further 
simplified separating the effect direct thrust rib-shortening from the 


Vy = 


1341 
the 
slight 
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which, 


and the reciprocal the mean value 


that, 


Equation (20a), the last term gives the effect rib-shortening due 
the live load and small compared the effect bending, may 
separately without appreciable error. The rib-shortening thrust will 
called and is, from Equation (20a), 

H — 
The rib-shortening effect the dead load thrust can derived from the 
formula: 
cos 
the effect shortening the rib the same movement the left 
abutment toward the left. the horizontal thrust due the dead load, 
and from Equation (12) 


with A’,, equal the reciprocal the mean value 


H, 
Hrs 


that: 


cos 


Pape 
i= y 
Then, 
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For any but extremely flat arches, Equation (21a) can written for all 
practical purposes, 
Hrs H,w 

The rib-shortening thrust due both live and dead loads together can 
computed quite closely one time multiplying the combined w’, 


This thrust acts along the horizontal axis through the elastic center 


gravity the rib and, therefore, the moment any point due the rib 
shortening is: 
the rib-shortening effect considered separately, the live load thrust 
for rib with rigidly fixed ends becomes 


Effect Change expansion the rib due rise 
temperature has the same effect horizontal movement the abutment, 
shortening the span, and contraction due drop temperature has the 
effect lengthening the span. This horizontal movement the abutment, 
does not affect the values and but produces horizontal 
thrust given Equation as: 


For change temperature the rib: 
which, 
change temperature, degrees; and 
Then, the horizontal thrust due temperature change is: 


tal 
(23) 


The value small that may neglected except for extremely flat 
arches, and the thrust becomes: 


Papers, 
due 
may 
the 
left 
load, 
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The bending moment due the temperature thrust is: 


The horizontal thrusts due both rib-shortening and temperature change fol- 
low the horizontal axis through the elastic center gravity the rib. 
Graphical the purpose graphical analysis, the arch rib 

should divided into short sections, and the value 

for each section. About twenty divisions will give sufficient accuracy for most 
cases and may made with constant value with constant value 


according the preference the designer. There should appre- 

ciable difference between the results obtained the two methods.* The values 
divisions, although this not exactly accurate for tapering ribs. 

The computation may made analytically summing numerically instead 
graphically. 

Graphical Determination for Vertical equation for 
produced single vertical load, considering the ends the arch 
rigidly fixed and neglecting the effect rib-shortening, (Equation (22)): 


or, when has constant value: 


Assuming the rib act cantilever fixed the right end Fig. 10, 
with unit horizontal thrust, the moment any point the rib will 


equal Hy=y. The horizontal displacement the left end where 
applied will then be: 


This the same the denominator Equation (22). According the 
rule Section can obtained drawing the bending-moment diagram 
for the rib, assuming that each value force acting horizontally 


the center its respective division. (Because 


As 
*For the usual method dividing the arch rib that the values are equal, see Hool’s 


Where the letter, with sub-letters, used denote displacement, the first sub-letter 
serves identify the force producing the displacement and the second gives the point 
which the displacement measured. For example, the displacement produced the 
force, measured the point, 


nge fol- 
reh rib 


mputed 


most 
value 
values 
pective 


instead 


for 
rch 
22)): 


ig. 10, 
will 
where 


-letter 
the 


unit vertical load, applied any point, the rib, the 
moment produced will and, therefore, the hori- 
zontal displacement the left end where applied, due is: 


This term the the numerator Equation (22). According 
Maxwell’s theorem, the horizontal displacement the point, L’, produced 
unit vertical load equal the vertical displacement Point pro- 
duced unit horizontal load L’. 


Elastic Curve 
for H=1 


for H=1 


10. 


Therefore, applying unit horizontal force, before, the vertical 
displacement, the point, equal the horizontal displacement 


the bending-moment curve for the rib with each section, loaded with its 
value acting vertically the center the section. The ordinate 
this bending-moment curve Then, referring Fig. 10: 


The temperature thrust is: 


The rib-shortening thrust is: 


which, 
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Graphical Determination for Vertical (20) gives 


for 


The rib considered (Fig. 11) cantilever fixed the right end with 
the vertical reaction, line passing through the elastic center gravity 
the rib and connected rigid arm with the left end. Then, has 
value unity, the moment any point the rib will and 


This the denominator the equation for and obtained graphically 
drawing the moment diagram for the rib with each section, loaded with 
its value considered acting vertically the center the section. 


Elastic Curve 
for 


11. 


the rib cantilever subjected single unit vertical force, 
any point, the moment will and the vertical dis- 


This term the same the numerator the equation for Vz. From Max- 
well’s theorem, the vertical displacement produced unit vertical load 


L’. Therefore: 


a 


with 
has 
and 


Max- 
load 
rtical 
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The value obtained constructing the moment curve for the rib 
loaded with the values and equal the ordinate between this curve 


and the tangent its right end. This curve has already been drawn 
determine the value Then, follows that: 


Graphical Determination for Vertical equation for 


is: 


When the rib divided into number sections, either with 


also equal the angle, Fig. 12; since, when 


unit value placed any point, the rib Fig. 12, the 
deflection the tangent with respect the tangent will be: 


This the numerator the equation for M’. From Maxwell’s theorem, the 
the vertical displacement produced unit moment hence: 


Under the assumption that unity, the moment all points the rib 
and the value can obtained graphically constructing the 
bending-moment diagram for the rib with each section loaded with its value 
force acting vertically. The value then the 
ordinate between this line and the tangent the right end. Then, 


Effect Horizontal the load, inclined horizontal, 
should resolved into its vertical and horizontal components and the effect 
each determined separately. The effect horizontal forces may found 
manner similar that used for vertical loads. used designate 
the vertical distance from any point, the rib axis the line action 
the horizontal load, the moment produced the load becomes Py” 


Papers, 

dis- 
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instead The formulas used for vertical loading can applied 


Elastic Curve for 


12. 


Graphical Determination for Horizontal Loads.— 


H, = P 


The denominator this equation the same that for vertical loads and 

The numerator also found previously. When the moment 


is: 


pro 
L 
| NY 


Papers, 


lied 


and 


due 
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Maxwell’s theorem, this equal the horizontal displacement 
produced unit horizontal thrust, which equals (Fig. 13). 


This obtained from the elastic curve for the condition, which the 
moment curve for the rib loaded with the values acting horizontally 
the centers divisions. Then, 


The negative sign used because will opposite direction 
dently, the value given Equation (29) negative. 


13. 
Graphical Determination for Horizontal Loads.— 


The denominator the same that for vertical load and which 
obtained explained previously. 


Elastic Curve 
for 


14. 


With unit horizontal force, acting the rib, the moment any 
point due Py” and the vertical displacement the 
point application Vz, produced will be: 


for 
‘ 
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This the numerator the equation for Maxwell’s theorem, the 
the horizontal displacement due unit vertical load L’. Therefore: 


This value obtained from the elastic curve secured constructing the 
bending moment curve for the rib loaded with the values acting hori- 
the centers their respective divisions. negative when 
acts toward the right. Then, 


Graphical Determination for Horizontal Loads.— 


The denominator obtained direct summation before. 


15. 


This the numerator the formula for M’, but also equal Max- 
well’s theorem the horizontal displacement the point, produced 


unit value M’. Hence, 


This value obtained drawing the moment curve for the rib loaded 
divisions. Then, 


should noted that since the rib considered cantilever fixed 
the right end, the deformations are always measured the ordinates the 
elastic curve from the tangent the curve the right end. 


| 
| 


the 


ing the 
hori- 
vhen 
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Construction Influence Lines.—The foregoing graphical constructions 
give the influence lines for the values Vz, and M’. The influence lines 
for the moment the left abutment, Mz, obtained combining the values 
and M’, accordance with Equation (17) 


When the reactions the abutment have been determined, the moments, 
shears, and thrusts any other section can easily computed. 

and the total moment is: 

which, the moment produced the superimposed loads when the rib 
acting cantilever with the right end fixed. Thrusts and shears are 
obtained ordinary statical methods. 

usually best for bridge arches construct the influence lines for unit 
loading and then multiply the ordinates the loads after the critical loca- 
tion.of the loads has been determined. The actual load concentrations can 
used, the equivalent uniformly distributed load can computed from the 
influence lines. This equivalent uniform load varies with the span, rise, width, 
and depth fill over the rib, and should computed for each section that 
being analyzed. 


GRAPHICAL ANALYSIS 


Deflection Arch desired determine the deflection 
arch ring under any the elastic line can easily constructed 
shown Fig. 16. 

this case, three panel points were loaded and the resulting reactions 
determined. The bending-moment diagram was drawn shown and then the 
elastic line was obtained drawing another bending-moment diagram for the 


rib, assuming the divisions loaded with their respective values 


this case, the rib was divided into twenty sections such length that the 


values were all the same and equal the constant, The bending 


moments laid off the load line taking account their sign, arbi- 
trary pole length, was chosen, and the funicular polygon, was 
drawn with its sides parallel the rays the force polygon. This funicular 
polygon the bending-moment curve the rib loaded with its actual bending 
moments. The ordinate, under any point gives the vertical deflection that 


point the rib. 


ured the same scale the load line the force polygon. This 
struction could have been made with the span divided into equal divisions. 


would then have been necessary lay off the values 


the force 


Max- 
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diagram instead the values and the deflection would then have been 


GRAPHICAL ANALYSIS 
FOR ELASTIC CURVE 
SYMMETRICAL ARCH 


Values 


Deflection 


complete investigation the deflection all parts the rib desired, 
can made drawing separately the elastic curve the rib with unit 
load each panel succession. From Maxwell’s theorem, these elastic curves 
are also the influence lines for the deflection the point which was loaded 
each case. These influence lines will show the positions the loading that 
will produce the maximum deflection and the magnitude the deflection 
the same way the bending-moment influence lines give the corresponding 
information regarding the bending moments. 

Example Graphical Analysis complete graphical determina- 
tion Vz, and M’, for unit vertical and horizontal loads shown 
Fig. 17. 


The arch rib should divided into about twenty sections that all values 


either are the same. the values are made the same, 


the work dividing the arch simplified, but more work re- 
quired. 


Elastic Curve 
16. 
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After the arch divisions have been established necessary determine 
the location the gravity axis from which the values and are 
measured. Since the rib symmetrical, the vertical axis must the center 
line the arch. 


The horizontal axis found graphically (Fig. 17) considering the values 


forces acting horizontally the centers divisions and determin- 


ing the line action the resultant the usual method for parallel forces. 


This done means the force polygon, which the values are 
laid out and the funicular polygon, having sides parallel the corre- 
sponding rays the force polygon, The intersection the sides parallel 
the outside rays gives the location the horizontal gravity axis. The values 
and are measured from vertical and axes thus established. 


The values are found constructing the force polygon, and the 
funicular polygon “bending-moment diagrams”, and 2”. construct the 


force polygon, the values 


and the rays are drawn with arbitrary pole length, p,. The elastic lines, 
and 2”, are drawn with sides parallel and normal, respectively, the rays 


are laid off algebraically the load line 


the force polygon, because the forces, 


vertically for the polygon, 2’, and horizontally for the polygon, actual 
the rib are then equal the pole length, p,, multiplied 
the ordinates, but the same pole length was used for both 
funicular polygons, this term disappears from the expression for or, 


are considered acting 


The constructions for and are similar the construction for 

obtain the funicular polygon, 3’, drawn with sides parallel the rays 

the force polygon, and the polygon, 3”, drawn with sides normal the 


rays the polygon, pole length cancels out before, and, 


The force polygon, and the funicular polygons, and 4”, are drawn 
similar manner with the sides the polygon, 4’, parallel and those the 
polygon, 4”, perpendicular the rays the polygon, The pole length, p,, 
does not cancel out the expression for appears only the numerator: 


Papers. 
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should noted that the division the ring such that con- 


a e 
stant, this value need not considered the construction 


the force polygons, merely the values and being laid off instead 


Also, the number divisions, the load line for the force 


polygon, becomes merely equal divisions and the pole length, p,, measured 
with the length one division unit. The expressions for and are 
before, but becomes: 


the value need not considered the 


determination the reactions for live load, these depend only the rela- 
tive deformations, but for rib-shortening, temperature change, and movements 
the abutments, the value, must used. When the load lines are 
out with values and only, the absolute displacements are given by, 


regards bending, 


which the proper ordinate measured from the funicular polygon, and 
the corresponding pole 

The thrust due temperature change (Equation (25)): 

_tal_ tal 

The rib-shortening thrust (Equation (26)): 

The value obtained numerically taking the reciprocal 


Hrs 


the average value for all sections. For the computation A’,,, the 


rib must divided into equal divisions. 

Analysis Arch with Fixed generally desirable 
determine influence lines that give the effect single loads any position, 
especially for bridge arches which carry moving loads, may simpler 
some cases make direct analysis for certain conditions loading, such 
wind load the side building arch, full live load where moving loads 
not have considered. The method just explained also applies, 
course, tall symmetrical arches for buildings such are shown Fig. 18, 
for which influence lines can used determine the effects full horizontal 
and vertical loads. 

If, the derivation Equations (20), the moment, produced the 
superimposed loads left the numerator without the substitution the 


and 

are 

the 

both 

the 
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values for single concentrated loads, considering the abutments rigid, the 


formulas become: 
M,y 


The denominators these equations are the values and 
which appear Equations (24), (27), and (28) their determination 


has already been explained. The numerators, dw, and 
are, respectively, the horizontal, vertical, and angular displacements 
the left end the rib produced the loads when the rib cantilever 
fixed the right-hand end. These displacements can easily found laying 


off the values force diagram and constructing the two 


funicular polygons, considering them forces acting horizontally obtain 
the vertically get the y-displacement. The angular dis- 


the load line used previously. 
The application this method the analysis very large reinforced 
concrete arched conduit section with monolithic invert forming closed ring, 


18. 
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the has been fully explained the writer.* believed the simplest pos- 
sible method for solving such problem. The summations can made either 
analytically graphically. 

Numerical Example Graphical Solution.—An application the graphical 
method for determining the values M,, and for unit loads will 
made for the rib shown Fig. 19. assumed that the arch has 
earth fill and that slice the arch only ft. width considered. For 
this arch rib, the dimensions are: 


ARCH DIMENSIONS FOR GRAPHICAL SOLUTION 


19. 


The reinforcement the crown will consist round rods spaced in. 
centers, in. from each face the rib, and the springing, round 
rods spaced in. centers, in. from each face. 

For the purpose analysis, the rib will divided into twenty divisions 
with equal ft. all cases. The computation the moment inertia 


and each division point given Table 
and 
nts Point. inches. (concrete). inches. (steel). 
ing Spring 27.00 670 2.884 22.0 890 560 
ain 19.90 880 14.9 746 626 
Crown 18.0 569 899 
These computations were made for the most part with 10-in. slide-rule, 
ced with corresponding accuracy. The rib was laid out scale in. ft. 


Engineering Record, October 16, 1915, 486. 


” 
4 22,36” i‘ | | | | 
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For the computation the values and for each division, 


average values and were used. These values are given Table 


The modulus elasticity the concrete, taken 000 000 per sq. in. 
and 15. 


The location the gravity axis along which acts computed from the 


8.161 


The values are then computed from this axis and are equal 


TABLE 2.—Dimensions Factors ror ARCH. 


112 0.1413 18.15 1.858 —10.01 —1.415 47.5 6.71 
550 5.820 -1664 9.825 6.685 —1.112 42.5 7.07 
316 5.530 0.1930 -190 1.887 4.050 —0.782 87.5 7.24 
347 0.2160 5.110 1.107 1.970 82.5 7.02 
5.215 3.495 0.884 0.855 —0.086 27.5 6.56 
498 0.2700 0.609 0.885 22.5 6.08 
246 5.065 0.3070 1.831 0.409 1.809 0.554 17.5 5.87 
569 5.027 0.676 2.464 0.818 12.5 4.15 
020 5.010 0.3572 0.256 0.092 1,029 7.5 2.68 
584 5.000 0.3800 0.025 0.009 3.115 1.182 2.5 0.95 


The horizontal gravity axis located constructing the force polygon, 
and the funicular polygon, (Fig. 20). This serves check the com- 
putation. 

The horizontal thrust obtained drawing the funicular polygons, and 
2’, with sides parallel and perpendicular, respectively, the rays the force 


polygon, unit load the values for which scaled from Fig. 


are given Table 


The values the vertical reaction the left end are obtained from the 
funicular polygon, which has its sides parallel the rays the force poly- 


gon, Fora unit load, 


The moment, M’, taken from the funicular polygon, which has sides 
parallel the rays the force polygon, For unit loading: 


Py %MA dya 


53.85 
since, 
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TABLE Turust. 


and, 
720 


The slope the angle, shown Fig. 20, can also used instead 


52.0 


1.04 


Values and for the various points along the arch are given Table 


TABLE 4.—VALUES AND 


& 


1360 
d 
Point. 
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crown, M’—Hy,— the moment the load about the 
center. The value 11.86 ft. The values and for 
unit loads are given Table 


TABLE THE LINE AND THE CROWN. 


foot-pounds. foot-pounds. 


0.15 
0.59 
1.24 
2.02 
2.86 
4.42 
5.00 
5.37 
5.50 
5.37 
5.00 
4.42 
3.69 
2.86 
2.02 
1.24 
0.59 
0.15 


any values which not lie smooth curve may corrected. 
The temperature thrust given Equation (25) as: 


tal 


0.000006 1200 
and the moment the crown foot-pounds is: 


The rib-shortening thrust is: 


000 
1200 


Load 
point. 
45.10 —0.05 0.58 49.70 
40.25 2.24 48.95 —6.46 
—0.81 10.81 43.20 —5.84 
19.50 16.68 36.90 —0.72 
16.14 1.14 18.88 1.82 
13.12 2.75 20.32 29.15 
10.48 20.78 25.00 
8.12 2.75 20.85 
6.15 18.88 16.80 
1.25 7.62 4.30 
0.67 —0.57 4.70 2.40 
0.29 —0.30 2.24 1.05 
0.08 0.58 0.30 
tal 
720 


The calculation the value given herewith. The values 


Section. 


1.643 sq. ft. 236.6 sq. in. 
1.643 sq. 36.6 sq. 


200 


and, 


0.0207 


Care must taken see that the formulas are kept homogeneous, with all 
dimensions expressed inches feet, using the same unit computing 
and and other constants involving lengths areas. 


IV.—Tue Axis 


order that the formulas for thrusts and moments which have been 
derived may solved actual integration, necessary write equa- 
tion for the shape the arch axis and for the moment inertia any point. 
Such formulas are easily found for and circular ribs; but the best 
shape for the arch axis neither parabolic nor circular. order reduce 
the bending moments, desirable lay out the axis the rib that its 
curve will follow the pressure line the loads closely possible. This 
curve parabolic for load uniformly distributed over the span. the in- 
tensity loading toward the abutment increases comparison with the load 
the crown, the pressure line between the crown and springing line rises and 
the angle inclination the springing line increases. There considerable 
difference between the pressure line for flat, open spandrel arch and for 
filled arch with high rise. 

The question also arises whether not the arch axis should 
located for the dead load only, for the dead load plus part the full live 
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cos 
are calculated from the average values the cos and the depth rib for each 
section rib. square feet. 


los 
ar 
a 
Then, 
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load. The addition part the full uniform live load the dead load has 
the effect making the pressure line more nearly parabolic than would 
for the dead load only. The dead load pressure line, therefore, will lie above the 
arch axis the crown and springing line and below the haunch that 
positive moment (tending compress the top side the rib) will pro- 
duced the crown and springing line the dead load. the critical 
moment the crown positive and that the springing line usually nega- 
tive, the use part the live load for locating the axis has the effect 
the stress the crown and decreasing the springing line. 
apparent then that there cannot much gain economy considering 
the live load laying out the axis; that method, however, may used when 
desired decrease the stresses the springing line due negative 
moments. 

practical value, formula for the arch axis must give results close 
the actual pressure line for the loading the arch, and must susceptible 
easy mathematical treatment. The formula here derived has been found 
comply with both these requirements satisfactorily. 

The load per unit length span will called the crown, the 
springing line, and any point which distant from the center line 


the span. Also, will then assumed that the increase 
0 


the loading, proportional the ordinate, (Fig. Then, 


the springing line, 


each 
OA) DIAGRAM | 
een 
ua- Arch Axis 
int. 
his 
21. 
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follows that, 


Let, 


then, 


any section, 


As, 


= 


Wy 
d 2? ad = H (36) 
Substituting Equation (35): 


Placing 


The general solution this equation is: 


or, 


Equation (35) may put form: 


Then comparing these two formulas for y,, seen that the equation the 
arch axis must be: 


and, 
Then if, 
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Hence, 
cosh 


the crown, 


Then, 


The derivation the formula for the arch axis may also checked 


differentiation. 
From Equation (38): 


Differentiating, 


cosh 


From Equation 
or, 
Hence, 


Substituting Equation (38) Equation (35), follows that: 


Combining with Equation (40): 
The curves given Equation (38) have been found correspond closely 
with the actual pressure line for arch bridges all types. This formula gives 
much nearer results than the one derived the assumption that the load, w,, 
varies with the ordinates parabola whose apex the center the span. 
the value approaches unity, the curve given Equation (38) 
approaches parabola shape. For the special case uniform load when 
this equation has meaning, the expression for the axis then becomes: 


which the equation parabola. 


or, 

the 
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the value increases, the curve the axis becomes higher, and the 
tangent the springing line becomes steeper. 
order designate the shape the arch axis, seems advisable use 


the ratio, the ordinate the quarter-point the span the total rise. 


This ratio will called The value 0.25 for the arch 
when decreasing the load the springing line becomes propor- 
tionately higher. designing new arch, the value computed first 
from and w,, but investigating design already completed, the value 
can best computed directly from the ordinates the rib axis. Using the 
corresponding value the axis given Equation (38) should close 
the actual axis that has been made follow the pressure line for the actual 
loading. 

Equation (38) derived for loads that are not concentrated, but can 
applied open spandrel arches with columns, considering the panel loads 
distributed over the panel lengths. The value the load the spring- 
ing line, that case not calculated with the actual load the 
column that point, but with the load which would there the typical 
spandrel construction the span were continued another panel beyond. This 
last load does not actually come the arch, but must used computing 
the value Assuming the panel lengths equal, the end panel load 
would taken the same the panel load next the end, with only the 
difference made the longer column and the greater thickness rib. This 
panel load then divided the full panel length the arch were con- 
tinued back into the abutment. 

When panel loads are concentrated the rib columns, there will 
dead load moments the rib due the concentrations, because the pres- 
sure curve the loads will broken line whereas the arch axis smooth 
curve. the axis properly laid out, these dead load moments should posi- 
tive the panel points and negative between the panel points. The size this 
bending will depend the total number panels the span, the variation 
between pressure line and arch axis being smaller for relatively short panel 
lengths. 

When the value the quarter-point known, the value may 
computed from the formula derived follows: 

From Equation 


from 


For the quarter-point, therefore, 


but, 


Or, 
ordi 
and 
and 
line 
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From this equation, the value can computed. investigating 
fnished design, when the value computed from the actual quarter-point 
ordinate does not correspond with the computed from the actual weights, 


best use ideal value equal computed from the actual 


and the value obtained from Equation (41). 

Angle Inclination the Arch angle between the horizontal 
and the tangent the axis any point will called the springing 

Equation (38) is: 


Tr 


tan 
For the springing line, and, 


tan 


Similarly, for the quarter-point: 


Tables for Determining Arch has been computed from 


Equation (38) and gives the values with twenty subdivisions the span 


for values varying from 0.25 0.15. Values not given this table can 
obtained interpolation, and then the ordinates the rib simply 


136% 
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multiplying Table will found valuable laying out the axis 
the rib when has been computed. 

Table gives the inclination the tangent the rib terms the 
intercept the horizontal through the crown, shown Fig. 22. 


22. 


These data will prove useful drawing the curve the axis determining 
the tangents the different points the points are plotted. 

Reactions from Dead thrust and the horizontal and vertical 
reactions for the loading for which the rib axis laid out can readily com- 
puted. the rib laid out for dead load only, there will dead 
load moment the rib except that due rib-shortening and column con- 
centrations. the values and include some uniformly distributed 
live load, the dead load stresses will equal the stresses produced the 
total loading assumed minus the stresses produced the uniform live load. 
The dead load moments will then equal and opposite sign the moment 
produced the live load assumed. possible lay out the axis for the 
dead load only for the dead load plus part the live load, may 
desired. the following formulas will assumed that the dead load only 
used, although they may used for either case. 

The vertical reaction, equal one-half the total load the rib, or, 


has been proven that: 


hence, 


or, 


was originally assumed that: 


Fic. 23. 
Hy = 0, 
The normal thrust any point the rib is: 


dead 
con- 
ributed 
the 
load. 
noment 
for the 
may 
or, 
(45) 
(46) 
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Table may used for the solution Equations (45) and (46). 
Numerical Example Arch Axis axis the arch rib 

used the numerical example Section III will computed and checked. 

assumed that the fill the crown in. deep and that the roadway 

follows parabolic curve, in. higher the crown than the springing line. 

Over the fill pavement weighing 100 lb. per sq. ft. 

The dimensions the rib are, before: 


From table hyperbolic functions: 


TABLE 


RX 


cosh Yo, feet. 


0.1 0.2229 101 
0.2 0.4458 1,1011 0.410 
0.4 0.8916 1.72 
0.5 1.6883 2.79 
0.6 2.0858 4.20 
0.7 2.4852 6.08 
0.8 1.7832 
0.9 2.0061 8.7845 
1.0 4.7000 15.00 


For the vertical reaction due the dead load, Table gives for rib, ft. 
wide: 
and for the horizontal thrust: 
0.1863 


check these results, the same quantities are computed, using the 
actual loads the arch. The thicknesses rib used are those given the 


example Section III; they were computed the method presented 


From Table 0.18604. The ordinate the arch axis (Equation 


1372 DESIGN SYMMETRICAL CONCRETE ARCHES 


Section The weight the concrete taken 150 per cu. ft. and that 
the fill 120 per cu. ft. The span was divided into twenty sections and 
the dead load each section computed. These loads were applied the center 
gravity each section, and the pressure line was computed for rise 
ft. The weights are given Table 10. The weight the pavement 500 
lb. per section. 


g= =. Ca= tan 


We We 12 We l 
(Equation (41)). (Equation (46)). (45)). (Equation 


Om 


CO 


0.200 


may noted that the computed value checks the value given 
Equation (45) almost exactly. The horizontal thrust and the pressure-line 
ordinates are found taking moments about the center point the rib 
mid-span.. The values thesé moments and the computed ordinates are 
given Table 11. Column (7) gives the ordinates the axis computed 
from Equation (38) for comparison. 


TABLE 10.—Deap Arcu. 


Height Weight Vertical Weight Total weight 
fill, thickness rib, per section, 
feet. pounds. rib, feet. pounds. pounds. 


GD 

sss 


OUR COR 


o 


Som 


Equation (45), 


120 
675 
798 
915 
165 
294 
427 
561 
700 
841 
985 
132 
283 
595 
915 
668 
677 
925 
708 
566 
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The horizontal thrust equal the moment the vertical reaction minus 
the moment the dead loads divided the rise, or, 


850 
850 


H,= 


Equation (46), 


TABLE 11.—Moments, WEIGHTS, AND 


(Equation 
(7) 


=~ 
a 


The pressure-line ordinate division points was computed subtracting 
the moment the loads between that point and the center the span from 
the moment the vertical shear the section and dividing the horizontal 
thrust. For instance for Point 


11.31 ft. 
850 


These computations, made with slide-rule, show maximum variation 
only in. between the arch axis computed the two different methods for 
100-ft. span. Considering the many uncertainties involved arch design 
and construction, closer agreement could not desired. 

The method for determining the arch axis given Waddell, 
Am. Soe. E.,* and which assumes parabolic variation 
loading the arch, gives ordinate the quarter-point for this arch 
2.68 ft., in. above the pressure line calculated, introducing some dead 
load moment. The latter method gives quite close results for lower values 
that is, for open spandrel arches with more nearly uniform loading; 
the formulas developed herein will also accurate for all values and 
may used for filled arches well for open spandrel arches. 


Section given method establishing the center line the arch 
rib. the next step necessary determine the thickness the rib and 
its moment inertia all points. formula for the variation the rib 


“Handbuch fiir Eisenbetonbau”, Vol. 


(1) (2) (3) (4) (5) 
ection, 
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thickness must selected which will give shape satisfactory for practical 
design and the same time must suitable for simple mathematical 


the term, dw, used the solution the arch, desirable 


use formula for the thickness rib which will simplify the integrations. 
The expression for is: 
This difficult integrate because the involved expression for cos and 
the solution will greatly simplified making the value inversely pro- 
portional cos that that term can eliminated. Then, 


which, 
moment inertia the crown; 
moment inertia any section; and 
the crown, 


I, 


the springing line, 


Then, assuming straight-line variation f(z) between the crown and the 
springing line shown Fig. 24: 


c 


cos 


a 
24. 
I 
it 
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Therefore, 
will assumed that the moment inertia the rib varies the cube 
the rib thickness, hence, 


and, 


then, 


substituting cos the formula reduces to: 


tan? 


which, 


was assumed that: 


c 


For plain rectangular cross-sections: 


When the the such that the values given 
Equations (50), and (51) not agree, the one derived from Equation (50) 
should used the formulas developed for the thrusts and moments, 
but that given Equation (51) must used for computing the thickness 
Equation (49). Thus, although the variation expressed Equation 
(48) will not exactly true, will have appreciable effect the accuracy 
the values the thrusts and moments. 

The term, will used designate the form the arch rib and the 
term, designate the form the axis the rib. These two values together 
with the span, rise, and thickness moment inertia the rib the crown, 
entirely establish the rib and its reactions under live load and change tem- 
perature. 

The variation of-rib thickness given Equation (49) has been found 
satisfactory practical bridge design. order simplify the solution 
this formula, Tables and give the values and The proper 
values can obtained interpolation. 
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determining the rib thickness, possible compute the value 
after both and are assumed, possible first assume and and 
compute from them the formula: 


The value cos may computed from the formula: 
tan? 


with the value tan? obtained from Equation (43), from Table 12, 
from the following approximate formula: 


cos 


2 


Numerical following calculations give 
the thickness the rib which has been used the previous numerical ex- 
amples. (See Fig. 19.) 
before: 


ft. =27 in. 
=0.18604 cos 0.769 


0.385 


2rk 


Using these values, the various steps the solution the Equations (49) 
and (49a) are given Table 14. 


2.2292 4.5925 0.8390 1.688 0.6150 1.372 27.00 
2.0061 0.6600 1,485 1,063 0.5535 1.307 25.00 
1.7882 2.8904 0.5225 1.278 1,042 0.4920 1.252 23.50 
1.5608 2.2751 0.4115 1.169 1.028 0.4305 1.207 
1.7788 1.108 1.017 0.3690 1.165 21.33 
1.1146 1.3602 0.2460 1.0655 1.012 0.8075 1.130 20.60 
0.6687 0.7197 0.1801 1.0169 0.1845 1.069 19.80 
0.2229 0.2248 0.0407 1.0016 1.000 0.0615 1.020 18.35 


This calculation much simpler when the values and are 
taken from Tables and 13. 


sol 
cos 

0 

then, 
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and 
The formulas for thrusts and moments developed Section can 
substituting them the formulas for the shape the axis and rib 


Value dw.— 


12, 
hence, 
(53 
Equation (48) gives: 
ex- 
- c Z 
cos 
Substituting this the above equation for dw: 
EI, cos 
Equation for Elastic differential equation for the elastic line 
(Equation (5)): 
(49) 
Combining this with Equation (48), 


Determination M’.—The value given Equation (28) is: 


“3 
o 
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The denominator can obtained direct integration Equation (54): 


The numerator, the ordinate the elastic line for the rib when 
(See Fig. 12). that case, the moment any point the rib 
and the ordinate the elastic line can obtained integrating twice 
the differential equation for the elastic line. 

Equation (55) is: 


Then, placing and the sign, because the required 
measured from the tangent and not from the chord the elastic line, 


Integrating, 
When 
then, 


Integrating again, 


c 


When 


This equation applies only the right-hand half the rib and must 
modified for application the left half. For the left side, this equation would 


then, 
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ion (54); only that the deflection marked Fig. 25. the angle, 
always extremely small, 


And as, 


Then adding this value the value found for the right-hand side, 
there results for the left-hand side: 
2 


Then the left the center line: 


the right the center line: 


(57) (right) 
Table gives the solution these equations. 
Numerical Equations (56) and (57) the rib used 
the previous examples: 


cos 0.769 
200 1.339 
The value computed the example Section III is: 
must 


when 
rib 
twice 
25. 
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For unit load the center the span, and Equation (57) reduces to: 
The graphical solution Section III gave: 


ft-lb. 


TABLE (By EQuaTION (57) FOR ALL VALUES 


0.22505 
0.18711 
0.15241 
0.12181 
0.09420 
0.07131 
05241 


Both the numerator and denominator the expression for are obtained 


for the elastic line the arch when shown Fig.11. this case, 
the moment any point is: 


Then the differential equation for the elastic line 
After integrating once: 


0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 
0.85525 0.85585 0.85641 0.85692 
0.81022 0.31120 0.81210 0.31294 0.31871 0.81511 
0.26736 0.26875 0.27008 0.27122 0.27282 
0.22700 0.28046 0.28200 0.28889 
0.18947 0.19866 0.19552 0.19725 
0.15760 0.15990 0.16208 0.16400 
0.12425 0.12695 0.12944 0.18176 0.18889 
0.09722 0.10000 0.10494 0.10714 0.11111 
0.07425 0.07695 0.07944 0.08176 0.08775 
0.05511 0.05760 0.05990 0.06208 0.06400 0.06756 
0.03711 0.08947 0.04165 0.04866 0.04552 0.04725 
0.00916 0.01022 0.01120 0.01210 0.01294 0.01871 0.01511 
0.00460 0.00641 0.00692 0.00739 
0.00180 0.00267 0.00291 0.00814 
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to: 


When 


142 


then, 


From symmetry, twice this value the center the span, that: 


This equation for was derived for positive values and applies only the 
right-hand side the rib. the right the center line, the value 


will be: 


For the left side the span, the value will one minus the corre- 
sponding value right side, or, 
1 4 


Values from these equations are given Table 16. 
Numerical Example.—Using the same arch rib before, the value for 
load the quarter-point calculated follows 


From Equation (58) (right): 


0.661 3.356 


Integrating again, 
0.50, 
When 
0.45036 
0.81511 
When 
0.02481 
0.00856 Ov. 48 EI, ( 
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From Equation (58) (left): 


These values agree exactly with those obtained Section III the graphical 
method. 

Determination and y,.—The location the horizontal axis through 
the elastic center gravity the rib from which the value measured 
given the expressions: 


TABLE 16.—VERTICAL REACTIONS. VALUE FOR UNIT LOADS 
EQUATION (58), FOR ALL VALUES 


The value has already been determined and (Equation (56)) 


arch axis (Equation (38)), which is: 


Equation (54) is: 


1.0000 1.0000 1.0000 1.0000 
0.9966 0.9951 0.9945 0.9989 
0.9614 0.9582 0.9555 0.9532 0.9512 0.9496 
0.9268 0.9185 0.9126 0.9108 0.9065 
0.8804 0.8750 0.8668 0.8608 0.8562 
0.8220 0.8164 0.8119 0.8079 0.8047 0.8018 0.7971 
0.7476 0.7434 0.7369 0.7344 
0.5890 0.5869 0.5852 0.5825 0.5814 0.5796 
0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 
0.1196 0.1250 0.1296 0.1882 0.1892 
0.0778 0.0815 0.0847 0.0874 0.0897 
0.0886 0.0445 0.0468 0.0488 
— Mm) Z| 
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then, 


then the equation for is: 


or, 


The values from Equation (59) are given Table 
Both and have now been determined, and given the formula: 


VALUE 

0.25 1.000 0.2101 0.2222 0.2619 0.2778 
0.24 1.847 0.2044 0.2168 0.2874 0.2556 0.2718 
0.28 0.1985 0.2212 0.2491 0.2647 
0.22 2.240 0.1926 0.2048 0.2150 0.2427 0.2580 
0.21 2.814 0.2089 0.2187 0.2518 
0.20 0.1808 0.1922 0.2124 0.2446 
0.19 4.324 0.1748 0.1964 0.2878 
0.18 5.821 0.1688 0.1799 0.1996 0.2164 
0.17 6.536 0.1628 0.2097 
0.16 8.031 0.1567 0.1774 0.1865 0.2029 0.2170 
0.15 9.889 0.1 0.1612 0.1799 0.1960 


cal 
26. 
(59) 
TABLE (By Equation (59)). 
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For the value the horizontal thrust, Equation (20a) gives: 


which for unit load, equals: 


The value will first found (see Fig. 10), using 
Equations and (60) 


simplify the solution the expression, 


dw, use its place, 


hence, equal the sum all the constant terms the formula for 
which are not dependent the value and, 


As, 


then, 


cosh 


Then, 


1 Yo | 
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2 


or, more convenient form, 


1 g 3 Ye 
Table gives the solution Equation (68). 


0.25 1.000 0.0829 0.0870 0.0410 0.0448 0.0520 
0.24 0.0320 0.0400 0.0509 0.0577 
0.28 1.756 0.0812 0.0852 0.0498 0.0566 
0.22 2.240 0.0380 0.0417 0.0486 0.0553 
0.21 2.814 0.0294 0.0882 0.0370 0.0407 0.0475 0.0541 
0.20 0.0285 0.0361 0.0896 
0.19 4.324 0.0276 0.0851 0.0386 0.0455 0.0519 
0.18 5.321 0.0267 0.0841 0.0876 0.0448 0.0507 
0.17 0.0258 0.0295 0.0331 0.0482 
0.16 8.081 0.0250 0.0422 0.0484 
0.15 9.889 0.0241 0.0277 0.0812 0.0411 0.0472 


The numerator, for single unit load, obtained integrating 
the differential equation for the elastic line, 


For 
hence, 


After integrating twice, introducing the proper constants integration, this 
reduces the following: 
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The value will small for all but very flat arches and need not 
considered ordinarily calculating the live load stresses the rib-shortening 
effect considered separately. 


Tn 


The value has just been derived and can obtained from Fig. 33. 


mined for the arch rib used the previous examples 


ft.= 180 in. =4.70 


The value obtained graphically was 3.14 ft. 


All dimensions will expressed inches. 


1.70 


This compares with the value obtained graphically, 0.0001223. 


BA, 
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not 


hortening 


Then, for unit load the center the span is: 
0.0002175 


33. 


deter- 


The value determined graphically 1.752. 
The value can now computed; from Fig. 33, 
200 


From the graphical solution, was computed 0.0185. 
The values the horizontal and vertical reactions due the dead load 


are given Table well the values tan Figs. are influ- 
ence lines for the horizontal thrust due the live load. 
Temperature and Shrinkage the thrust due change 
temperature, Equation (24a) gives: 
tal 
Table gives the values 
then 


and 


For extremely flat arches, this value should multiplied 


The moment due temperature change will be: 


Fig. has been prepared facilitate the computation temperature 
H. 2 
thrust. gives the value coefficient, C,, which equals 


c 


0.0001246 
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Fig. constructed with the following values: 0.000006, and 
000 000, with feet, and inches*. 

The effect shrinkage the concrete can computed the effect. 
equivalent drop temperature. 

Rib-Shortening rib-shortening effect can expressed 
Equation (21a) by: 


which, the horizontal thrust produced dead and live loads and, 


The value can taken from Table and from Fig. 33. 
the moment inertia and the area the cross-section the rib the 
crown. The moments due rib-shortening are: 

Mrs 


INFLUENCE LINEs 


For convenience, the influence lines facilitating the design concrete 
arches, Figs. 56, inclusive, are grouped together the end the 
paper. Figs. and give the influence lines for the horizontal 
thrust, vertical reaction, and for the bending moments the crown, quarter- 
points, and springing line, for range values, and covering all 
conditions actual practice from flat open spandrel type filled 
arch high rise. 

These curves give the values obtained from the solution the formulas 
already derived. They may used for determining the stresses produced 
concentrated loads, and for computing the equivalent uniformly distributed 
loads use connection with the coefficients given Figs. 55. The 
bending-moment influence lines show exactly where the loads should 
placed for maximum moments. 

Numerical examples will given the use these diagrams for 
arch the following dimensions: 


We 
0.339 


cos 


Horizontal give the horizontal thrust computed 
Equations (63) and (64). the rib-shortening effect computed 
separately, the term, can neglected and the value becomes 

Example.—To find the horizontal thrust produced load 100 

the center the arch rib: 
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From Fig. 31, for 0.2650 
From Fig. 32, for 0.2590 


and 


the effect. 


Then, 


ressed 


Vertical Reaction.—Table gives the vertical reaction computed 
Equation (58) for single concentrated loads. Fig. has been prepared for 
finding the vertical reaction under uniformly distributed loading over part 


ads and, 
the span. 
Example 1.—To find the vertical reaction the left end produced 
load 100 lb. the quarter-point, From Table 16, for 
Example 2.—To find the vertical thrust the left end produced 
the load 100 per lin. ft. from Point Point 10: 
From Fig. 34, for load from the left end Point 10.... 
From Fig. 34, for load from the left end Point 5..... 
the From Fig. 34, for load from Point Point 10....... 
izontal Then 
filled Bending Moments.—Figs. give the values the bending moments 
the crown, springing line, and quarter-points, produced single unit 
load any position the span. These are computed from the values 
buted find the bending moment the springing produced 
The load 100 Ib. the center the span: 
From Fig. 43, for 0.30 and 0.186........ 0.0636 
Then, 
100 100 0.0620 620 ft-lb. 
ted designing, Tables and 12, 13, and 18, inclusive, and Figs. 
56, inclusive, may used instead the equations, they give values 
directly for the design investigation arch ribs. After the value 
c 
has been computed, the value and tan can obtained from 


Table 
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Table gives y,, the vertical distance from the arch axis the center 
the center gravity the rib through which the horizontal thrusts 
are assumed act. This distance used for computing the moments 


due rib-shortening and the temperature change after the thrust has been 
determined. 


This used 


for computing the value 
cos 


The values Table are: 


Hence, 


and, 


which, C,, which given Fig. 33. 

Similarly, 

Sydw 
The term, the area the cross-section the rib the crown. 
must kept mind that solving the equations, those terms involving 
feet. 

Live Load Moments and give the maximum posi- 
tive and negative bending moments the crown, springing line, and quarter- 
point sections, together with the corresponding values the horizontal live 
load thrust produced the loading that gives maximum moments. The 
moments given the diagrams are those produced uniform load 
per lin. ft. rib placed the span produce the maximum moment. 
The sum the maximum positive and negative moments will the moment 
produced full uniformly distributed live load. 

The exact position the loading can found from the moment influence 
lines. When the position the loading known, the corresponding vertical 
reaction can obtained from Fig. 34. 


200 Ib. per lin. ft. 


F 


Papers. 


center 
hrusts 
ments 
been 


used 
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From Fig. 53: 
Max. negative, springing line 0.01675 200 100? 500 ft-lb. 


From Fig. 52: 
Max. positive, springing line 0.0308 200 100? 600 ft-lb. 


For full load: 


Fig. shows that for the maximum negative, the left springing line, 
the load should extend from the left end for 0.722 the distance the center. 
Fig. gives for the vertical reaction the left end due this loading: 

Then, for the maximum positive moment: 

order that the bending-moment influence lines may easily constructed 
for any section the rib, the values have been computed and are given 
Table 15. The values may taken from Table and from 
Figs. 82. The bending moment point, produced unit load 
given Equation (33): 

which, moment produced the superimposed load when the 
rib acting cantilever with the right end fixed. The origin the co- 
ordinates, and course the elastic center gravity the rib. 

Example.—To find the bending moment produced the rib the examples 
Sections and Point unit load the center: 100 ft., and 
was found that 1.748 and 0.500 for unit load the center. 

From Table 15, for 0.339 with the load Point 10: 

0.10442 100 10.442 ft-lb. 
Then, 
0.4684 ft-lb. 

Thickness Arch Rib—When desired design arch rib for 
fixed conditions span, rise, and loading, first assuming design the 
rib the stresses can quickly computed the tables and diagrams. and the 
proper thickness rib determined. 

The thrust and moment due the dead and live loads, temperature, and 
rib-shortening, can expressed follows: 


ring 
ter- 
live 
The 
ent 
cal 
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or, 


Also, 


This does not include the moment due dead load concentrations which 
must considered the final design open spandrel arch. 

When the values and are determined, necessary compute the 
thickness rib required. For any given allowable maximum fiber stress this 
thickness will depend the amount reinforcement used. For fixed values 
and more economical use thick rib and low percentage 
reinforcement; however, increase the rib thickness increases both the 
dead load thrust and the temperature bending. has been found that satis- 
factory value for the thickness will usually obtained for ordinary cases 


the rib homogeneous section without reinforcement. This 
may done follows: 


which, the allowable fiber stress the concrete. Then, for rib in. 
wide 12) and for foot-pounds: 


When the thickness the rib determined this formula the amount 
steel required will vary with the eccentricity the thrust. will found 
that when this eccentricity small, the amount steel required may less 
than desirable use. that case, depth rib less than that given 
the formula may used advantage. 

For flat arches, which the temperature stresses are high, there may 
some advantage using thinner rib with more steel. the temperature 
moments increase with the moment inertia the while the allow- 
able moment increases with the section modulus, the temperature stresses can 
reduced necessary using thinner rib with more steel. 

After the thickness the rib and the actual reinforcement have been 
selected, the stresses the concrete and steel should computed the usual 
method. 

Determination the Best Proportions Arch Rib.—By means the 
tables and diagrams this paper, much more complete investigation the 


Solving for 
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effect varying proportions the stresses the arch rib can made than 


ximately) 
would practical with ordinary methods. example this shown 


Fig. which was computed for 100-ft. span with 15-ft. rise. The left-hand 
side the diagram shows the effect varying crown thicknesses the stresses 
the concrete the crown. For this determination was necessary assume 
value the ratio This usually between 1.5 and 2.0, the 
higher value being suitable for flat arches. Too great thickness the 
springing line should avoided increases the temperature and rib- 
shortening stresses. 

only 
Thickness Crown, Thickness Springing Line, 
27. 

The thickness the crown should established first; has more effect 
unt the stresses the springing line than the thickness has the springing 
line the crown stresses. One particularly interesting fact shown the 
crown-stress curve Fig. that there certain thickness which gives 
minimum combined stress, beyond which increase thickness causes 

the temperature and rib-shortening stresses increase more rapidly than the 
dead and live load stresses are decreased. 
After the crown thickness has been determined, similar curves can 
computed for the stress the springing line and the crown for different 
springing line thicknesses, shown the right-hand side Fig. 27. The 

correct values and should used for each different springing line thick- 
ness. seen that increasing the springing line thickness and keeping 
the crown thickness constant, the springing line stress decreases, but the 

crown stress increases slightly. means such curves possible 
the determine exactly the proper thickness rib both springing line and crown 


for any desired specified values allowable stresses. 


the 
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The tables have been computed the writer, but the majority the 
influence line diagrams giving moments and thrusts have been prepared with 
the assistance tables given Strassner* which have greatly decreased the 
labor that would otherwise have been required computing all the quantities. 

Comparison Two Methods.—In order show how closely the results 
given the formulas developed this paper check the results graphical 
analysis, there have been given Table the ordinates the arch axis 
and the live-load thrust and moment influence-line ordinates determined 
for the 100-ft. span treated Section III. The two methods agree within 
the limits the accuracy slide-rule computations. Table gives the 
dead load moments for the rib, the axis which was determined Equation 
(38). The total dead load moment the crown and the springing line are 
small that they may neglected when the load distributed the 


case filled spandrel arch. The effect concentrated dead loads, course, 
must considered. 


The data presented herein apply quite generally all types hingeless 
symmetrical concrete arches, either open-spandrel filled, any span 
rise, with solid barrels separate ribs. They can applied unsymmetrical 
ribs, mentioned the Introduction. case architectural appearance 
limited clearance prevents the use form for the axis given Section 
IV, the method based that form cannot used and the analysis can then 
best made the graphical method. 

The influence lines apply the form arch which they correspond 
regardless the dead loading. They can used, therefore, for computing 
the dead and live load stresses existing designs there not great differ- 
ence the shape the rib. slight difference will have very little effect 
the moments and thrusts. 

The use the form rib defined the equations Sections and 
makes possible simpler analytical solution the stresses arches elastic 
supports than would otherwise possible the elastic behavior the sepa- 
rate arch ribs can easily determined and equations can written for the 
movements the supports. 

further development, the tables and could used estab- 
lish data the proper size rib for arches different span and rise, pro- 
vided that definite specification for loading, temperature variation, allow- 
able stresses, were adopted. The ratio dead live load im- 
portant factor and the shrinkage the concrete. There are many 
variables which greatly effect the rib design that accurate general expres- 
sion for rib thickness can derived. 

The writer believes that methods simple those given herein can 
developed for the treatment hingeless symmetrical arches, which will 
accurate have general application. 


“Neuere Methoden zur Statik der Rahmentragwerke und der elastischen 
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TABLE Loap Moment AND SPRINGING LINE. 


CROWN. SPRINGING. 


ion. Dead load, 
Section 


foot-pounds. foot-pounds. 


1397 
—0.00 
—6.38 
—7.18 
—6.72 
1.87 
4.92 6.21 
2.75 7.59 7.50 
8.08 8.07 
—0.53 7.38 
Q’ 1.52 
trical —0.00 0.00 
lastic 702 —0.00019 208 
595 —0.00190 630 
677 —0.00805 770 —0.0616 
361 —0.00270 908 —0.0196 
Can 
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theoretical span neutral axis rib. 

depth rib springing line. 

and are the co-ordinates the neutral axis measured from the 
vertical and horizontal lines through the elastic center 
the rib. 


=the vertical distance from the rib axis the quarter-point 
the span the point the crown divided the rise, 

angle between the horizontal and the tangent the neutral 
axis any point. 

the value the springing line. 

moment inertia the rib the springing line. 

=the moment inertia the rib the crown. 


c 
cos 


=the area the cross-section the rib. 


cos 


=the modulus elasticity the 
the modulus elasticity the steel. 


8 


load. 
uniform live load per linear foot span. 
pole length graphical analysis. 
load per unit length beam. 
dead load per linear foot springing line. 
dead load per linear foot crown. 
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coefficient thermal expansion. 
bending moment. 


horizontal reaction. 
vertical reaction. 
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THE HYDRAULIC DESIGN THE SHAFT SPILLWAY 
FOR THE DAVIS BRIDGE DAM,.AND HYDRAULIC 
TESTS WORKING MODELS 


Discussion* 


the paper treats exclusively the features the Davis Bridge 
Spillway. However, since the adequacy the spillway provisions for any 
dam always matter great moment, particularly when dealing with one 
the highest earth dams yet constructed, and because the matter has been 
brought several the discussions, few remarks the subject are 
presented herewith. 

The general features the design any engineering structure are deter- 
mined varying proportions two major considerations, namely, economy 
and insurance. The first purely financial its scope; the second both 


Discussion the paper Ford Kurtz, Am. Soc. E., continued from September, 
1924, Proceedings. 


Author’s closure, 
Care, White Eng. Corporation, New York, 
Received the Secretary, September 1924. 


damage the destruction the structure the forces imposed it, and 
social its relation the safeguarding human life. all points decided 
economy comparatively easy justify additional capital expenditure 
that will produce additional income. the other hand, more difficult 
decide how much should expended for insurance, for here enters the 
arbitrary factor safety—so often facetiously termed the “factor igno- 
the elusive theory probabilities. Perhaps engineering designs 
differ more this than any other respect and certainly herein lies the prin- 
cipal difference between the conservative and the radical design. 
steel penstock supplying water hydraulic turbine furnishes typical 
example structure the design which involves both the considerations 
mentioned. The larger the diameter the greater the cost, but the same 
time the smaller the resultant loss head, the greater the resultant power 
developed the turbine, and the better the speed regulation under commer- 
cial load changes. the other hand, the thickness metal used the pipe 
walls can have only minor and indirect influence the loss head and the 
speed regulation. The problem involved amounts to, “How much shall 
spent for insurance?’ Shall the factor safety under the maximum 
static head, under the condition increased pressure which will obtain 
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the turbine gates are rapidly closed the governor? Shall the factor 
safety applied the average ultimate strength the metal the 
minimum? general, the tendency decrease factors safety with the 
certainty the maximum forces that can imposed struc- 
ture, for the last analysis the factor safety only the means provid- 
ing for unforeseen and incomputable stresses—of allowing for “scientific 

contrast penstock, the spillway feature any dam purely 
matter insurance. Increasing the spillway capacity does not add cent 
the income from the development; the spillway simply safeguard against 
the destruction the dam flood waters excess the flow that can 
passed through the turbines. The spillway strictly “nuisance” problem, 
but, nevertheless, one the most important confronting the designer dams. 
Foundation problems may complex, but the ground there, ready yield 
its and awaiting only the attack the pick and the core drill; but 
who can project his vision into the future and predict the magnitude floods 
the years come? Here, indeed, problem worthy the most skilled 
investigator. 

For this reason the Engineering Profession deeply indebted those 
members the Society, who nearly ten years ago set forth the application 
the mathematical theory probabilities this question the frequency 
different magnitudes. They showed the way out maze erro- 
neous conceptions demonstrating that there such thing maximum 
food. Engineering literature has also been greatly enriched recent years 
the studies great storms and flood frequency, such those made the 
engineers the Miami Conservancy District. The study spillway capaci- 
ties along these new lines, marks distinct advance away from “scientific 
ignorance” and nearer clear conception the safety dams against over- 
topping floods. 

the ease the Davis Bridge Spillway, stream flow several 
points the river have been kept the Geological Survey for num- 


ber years, and private records have also been kept the New England 


Power Company its various plants since their completion. The length 
the record was about 13.5 years the time the studies for spillway 
were made. The flood records all the stations were compiled and analyzed 
and from them the highest twenty-seven flood peaks the Davis Bridge Dam 
site during that period were estimated. These peaks when plotted the 
probability basis showed that flood peak 27000 sec-ft. might expected 
years, and this rate was chosen the nominal capacity the spill- 
way. noted, however, that one-half the twenty-seven flood peaks 
used occurred prior the completion the Somerset Dam and than 


would now produced the same conditions, the Somerset Reservoir 
that not single drop water has ever flowed over the spillway since 
its completion. Consequently, the probable frequency 000 flood 
undoubtedly less than once 333 years. 


However, this probability does not present adequate idea the safety 
insurance factor, because account has yet been taken the effect 
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storage above spillway level smoothing out the sharp flood peaks, nor the 
likelihood the reservoir being less than full when the great flood occurs. 
for the storage effect, even flash-boards ft. high are place with the water 
level their tops when this tremendous flood comes and even the boards 
are not tripped until the water flowing ft. deep over them, the storage above 
this level large that flood peak 34000 sec-ft. day when the 24- 
hour average flow 000 sec-ft. would only raise the water level ft. higher, 
that is, point ft. above spillway crest level. This condition represents 
flood probability once 5000 years. The ratio peak flow daily 
average for use the storage computations that indicated the Fuller 
formula.* Combining the probabilities these separate occurrences—the 
000-year flood, its occurrence time full reservoir, and the failure 
the operators trip the flash-boards earlier—so obtain the probability of, 
the simultaneous occurrence all these events, would give proper measure 
the safety the dam. Certainly, this probable frequency would not greater 
than once years. There is, however, still another factor evaluate. 
The tests the model indicated the full sized spillway excess 
with increase only ft. above the design head ft. 
Furthermore, these results were obtained model the surfaces which 
formula, which represents very rough concrete work. Thus, seen that 
many elements safety exist beyond the merely formal spillway capacity 
000 sec-ft., corresponding flood. 

Viewed from still another angle, the nominal capacity corresponds 
run-off in. hours over the entire tributary area 154 sq. miles. 
depth ft. above flood level run-off in. hours may stored, 
giving combined flood capacity equivalent run-off in. hours 
from the entire water-shed. compared with this, the greatest recorded 24- 
hour precipitation this amounted about in. 

Again, studies made Creager, Am. E., supplement 
the flood curves presented his book “Masonry Dam Design”, indicate that 
the worst flood-producing streams drainage area 154 sq. miles would 
have 000-year flood peak 000 The storage ft. above flood 
level would carry the excess this peak over and above the nominal spillway 
capacity 27000 sec-ft. for period 3.5 hours, would carry such 
peak building from 000 sec-ft. 000 sec-ft., and dropping down again 
hours. the peak such flood the run-off rate would about in. 
per hour from the entire water-shed—truly tremendous rate for such 
large area. 

the selection shaft spillway for the Davis Bridge Dam has been 
questioned some the discussions, the writer desires list the other 
types considered and the reasons for their rejection. 

Open Channel Spillways.— 


Low Saddle into Another Water-Shed.—The topog- 
raphy did not lend itself this scheme. 


Transactions, Am. Soc. E., Vol. LXXVII (1914), 567. 


Miami Conservancy District, Technical Reports, Pt. “Storm Rainfall 
United 138. 
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the 
(b).—Straight Overflow Weir Spillway Line with Axis Earth 


water river occupies pre-glacial gorge filled with drift. Rock avail- 
able one side the gorge only and over area insufficient permit the 
above construction 500 ft. masonry spillway and the necessary for 
the earth dam, except prohibitive cost. 

higher, Overflow Weir Spillway with Discharge Channel.— 
The hydraulics the discharge channel are uncertain, requiring the adoption 
daily ample dimensions insure the capacity desired. The resulting deep trench 
Fuller slot excavation rock would have been excessively costly. 


es—the Closed Shaft Spillway.— 


lure 

(a).—Siphon Inlet form considered was circular plan and 
symmetrical. was rejected because (1) complicated structural problems 
involved the design and construction the cover roof; (2) the deep 


aluate, for the approach channels the submerged openings; (3) the dan- 
excess formation ice over the submerged openings the water level the 
ft, should near the level the openings; and (4) the danger clog- 
which ging the channels near the throat due the convergence necessitated the 
form. 
that Bellmouth, Funnel, Inlet Type. —Four forms were consid- 

(1).—Clear type was not adopted the addition piers 


toa improved flow conditions well permitted the use flash- 
boards. 
stored, (2).—Piers with was the form adopted. 
hours (3).—Piers with Taintor type gate was not considered 
24- desirable for the spillway earth dam. 
(4).—Rectangular Slot with Bottom Sloping Toward 
ement were made model this type but the interpretation 
that the results was too uncertain justify basing design them. 
would view the data submitted Mr. Gourley* the Taf Fechan Spill- 
flood way designed 1911, the writer withdraws his statement that the Davis 
illway Bridge Shaft Spillway with its bellmouth, open funnel, entrance new 
uch type shaft spillway. Mr. Gutmann has presented some interesting data 
unusual entrances shaft but none the examples cited appears 
the bellmouth entrance type, nor does the Calaveras Shaft Spillway 
uch Mr. Hazent come this class. 
The paramount importance well designed bellmouth, funnel, entrance 
been eliminating far possible the entraining air the flowing water 


other does not seem have occurred Mr. Muckleston.§ The inlet Taylor 
air compressor especially designed for the purpose air entrainment and, 
Mr. Muckleston testifies, “it works.” the other hand the Davis Bridge 


opog- Spillway entrance especially designed that, capacity, will 
Proceedings, Am. Soc. E., April, 1924, 562. 
Loc. cit., September, 1924, 1122. 


astern Loc, cit., May, 1924, 671. 
Loo, cit., April, 1924, 561. 


f 


1430 DISCUSSION DESIGN SHAFT SPILLWAY, DAVIS BRIDGE 


minimize the entrainment air and the case the model the writer can 
testify that, the words Mr. Muckleston, “it works.” For flows below the 
design capacity both the model and the full-sized Davis Bridge Spillway 
carry air through the shaft and tunnel evidenced the strong draft the 


outlet the tunnel both cases. This can certainly harm; 


not reduce the design capacity and Mr. Hazen suggests that entrained air 
per beneficial. Mr. Gutmann’s discussion refers the entrainment 
air the case long open-channel flow steep slopes. seems the 
writer that, designing this shaft and tunnel, much more far fetched 
apply deductions from full-sized open-channel flow than from hydraulically 
homologous models, criticized Mr. Gutmann. Probably every engineer 
who has had experience with testing models realizes the limitations the 
method, but agrees that certainly much better general than the 
ing deductions from full-sized tests entirely different structures. 

Mr. Muckleston’s statement that flow the so-called critical depth (that is, 
depth equal twice the velocity head the flowing water) can obtain only 
the down-stream edge broad-crested, flat-topped weir errone- 
ous and misleading that the writer desires state categorically that this the 
one place where absolutely impossible for flow the so-called critical 
depth exist. simple the theory critical depth flow difficult 
understand how any one could fail remember that the fundamental assump- 
tions are those uniform velocity throughout the cross-section the flow- 
ing water and, corollary, the existence pressure head any point 
the cross-section equal the depth that point below the upper free 
water surface. the other hand, the down-stream edge any unsub- 
merged weir, the pressure all points throughout the cross-section the 
flowing water practically and the velocities are widely varying, 
being smallest the top and largest the bottom the 
ditions subversive the assumptions the theory critical depth 
Mr. Muckleston desires experimental confirmation his error and the 
correctness the writer’s analysis for depth flow the down-stream edge 
flat crest weir, referred measurements depths that point, 
made the Board Engineers Deep Waterways.* Mr. Muckleston’s 
remarkable pronouncement the effect that the non-uniformity the 
velocity the cross-section flowing stream accounts for the disagreement 


between the various values weir formulas and the value 3.087 ob- 


tained theoretical treatment, and for most the discrepancies between 


prophecy and performance, will certainly received most engineers with 
much incredulity has been the writer. Perhaps theory should 
ever derided, but until Mr. Muckleston presents very substantial arguments 
back ‘his theory the writer will adhere his belief that eddy losses, due 


contraction conditions the up-stream edge weirs, explains the 


portion the variations account for which Mr. Muckleston advances 


new theory. 
Mr. Gourley has not furnished any information the height the 
Taf Fechan Spillway Shaft, the length the tunnel, and the design capacity 


Water Supply Paper No. 200, Geological Survey, 111. 
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and depth the crest, that has not been possible analyze the design 
accordance with the methods the paper. With these data lacking, the only 
question that mentioned Mr. Lane* his discussion, namely, the suffi- 
ciency the radius the bend connecting the shaft and tunnel for passing 
long logs without wedging. assuming that the flow over any individual 
which, and are invariable constants, Mr. Gourley faced with vast 
amount experimental data which will rise plague him unless com- 
pletely rejects them. One example from the data the 1877 experiments 
Fteley and Stearns sharp-crested weirs will suffice. The experiments chosen 
have practically the same heads the two selected Mr. Gourley from the 
writer’s tests, and the length weir ft. The points selected lie very close 
the mean curve for all the experiments: 


Head, feet. Flow, second-feet. 


0.0746 0.3652 
0.1627 


Analyzing these two sets values Mr. Gourley’s method gives the follow- 
ing formula for sharp-crested weir: 


Would any one give serious consideration such formula for heads 
ft. large sharp-crested weir? Assuredly not, and yet Mr. Gourley throws 
grave doubts the capacity the Davis Bridge Spillway the basis 
exactly similar method analyzing the writer’s experimental data for the 
model. furnishes example the dangers making fetish the idea 
that all experimental data when plotted paper must 
lie straight line. 

engineer will contradict Mr. remarks the advantages 
the ordinary weir spillway provided only there ample capacity the dis- 
charge channel leading away from it. Undoubtedly, ideal type for 
earth dams, but like many ideals, cannot always realized. Nature 
was not favorable the realization the ideal Davis Bridge, for, already 
explained, the difficulties the design, and the cost construction the 
discharge channel leading away from ordinary weir spillway were the very 
things that led the adoption the shaft type. Mr. Jakobsen states that 
“great accuracy determining the spillway capacity not required, because 
the maximum flood not known with any degree certainty” and that “for 
earth dams, excessive spillway capacity should provided 
seems the writer that the spillway capacity must defined more 
terms than “excessive.” Having done certainly good design 
have the knee the curve Fig. lie below the crest the dam the 
capacity the knee equals that desired. 

Both Mr. Muckleston and Mr. Jakobsen question the hydraulics the 
cylindrical shaft and the tunnel, particularly the application Kutter’s 
formula such high velocities and the matter loss head the bend 


Proccedings, Am. Soc. E., 1924, 1113. 
Loc. cit., April, 1924, 564. 
Loc. cit., December, 1923, 2005. 
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and transition. true that there are data the loss head 
velocities high ft. per sec., but there are data velocities high 
ft. per sec. concrete lined tunnels large ft. diameter, and 
these data show tendency for Kutter’s increase with the size pipes 
and the velocity—rather the opposite, anything. Woodward, Am. 
E., who was charge the hydraulic design the outlet conduits 
for the retaining dams the Miami Flood Control Project, has very con- 
cisely set forth his opinion this matter letter the writer, follows: 

“Since there appeared definite change the value for velocity 
ranging from few feet per second ft. per sec., seemed safe that 
there would probably not much change for high velocities ft. 
per sec.” 

cannot denied that present knowledge the loss head bends 
meager and confined pipes small diameter; but must engineers for that 
reason abandon all projects involving pipes tunnels having curves? 

Mr. Kennison* mentions the positive limitation the capacity the 
Davis Bridge Spillway, but must also borne mind that the ordinary 
spillway used this case would have been the reentrant type with 
discharge channel and that its capacity would have been limited this 
discharge channel just much the shaft spillway limited its discharge 
conduit. The uncertainties the hydraulic treatment the open discharge 
channel are much greater than the case closed discharge conduit, 
that more liberal assumptions must made the former case, with the 
result that for given capacity the closed conduit tunnel was cheaper than 
the open discharge channel. His further suggestion straight spillway 
along the contour the hill place the symmetrical bellmouth open 
funnel was fully considered and experiments were made model that 
type. was not adopted because the difficulties mathematical treat- 
ment and the consequent uncertainties drawing conclusions from the results 
the tests model. The excavation for the spiral approach channels 
the symmetrical type was much cheaper per unit than for the deep dis- 
charge notch channel that would have been required for the ordinary weir 
type spillway. Mr. Kennison directly states, and Mr. Hazen, his strictures 
the writer’s mathematical treatment, intimates, that the exact shape 
the crest pass the given discharge low head little consequence. 
The writer cannot agree with this idea for three reasons: The correct shape 
crest (1) gives the minimum loss head; (2) involves the minimum 
excavation; and (3) reduces much possible the entrainment air. 

The difficulties the interpretation experiments models pointed 
out Mr. are fully recognized all, but the resulting deduction 
that “results obtained observation and measurement should not extended 
beyond the limits experimentation with the model” accepted, there will 
testing except full-sized models. Surely, Mr. Parsons does not advocate 
such radical step. expresses belief that air will entrained and may 
set vibratory action. Fortunately, the rock through which the shaft and 


Proceedings, Am. Soc. E., May, 1924, 673. 
Loo. cit., 674. 
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tunnel were driven sound and massive, and the lining well placed, that 
fears are entertained the results any vibratory action. boom will 
provided prevent logs from passing over the spillway. surmised 
Mr. Parsons, construction costs and conditions precluded the use com- 
pound curve longer radius curve the foot the shaft. 

Mr. Dunham’s* questions the structural design the spillway are 
fully answered article the Davis Bridge development, published else- 
where.t The reason for his reference low temperatures shafts not 
clear, unless fears the formation ice the tunnel and shaft with the 
resultant possible blocking time flood. difficulty anticipated 
this respect, but does arise, obviously steps must taken prevent it. 


ead 
high 
er, and 
pipes 
Am. 
con- 


elocity 
that 


) 
Mr. Halmos* attempts describe what considers better method 
nds the water into shaft, but confines himself such vague, 
that general terms that the writer does not feel called discuss its merit 
lack thereof. Mr. Halmos intimates that knows the explanation the 
the existence the partial vacuum which developed the experiments the 
dinary Davis Bridge models; so, deeply regretted that did not give instead 
expressing amazement that others had not already discovered the reason. 
this certainly had authority for his statement that this partial vacuum 
resulted sucking air and causing tremor the model, for neither these 
sharge things happened. 
Mr. has approached the subject the sufficiency the spill- 


way from the logical standpoint the magnitude floods expected, 
striking contrast those who have criticized the design because the spillway 
reaches its practical maximum capacity head less than the total freeboard 
the earth dam above the spillway crest. His views must 
inevitably lead him condemn all types crest gates—a decidedly ultra-con- 
servative stand the light present-day practice. The subject is, however, 
not closely enough related the paper justify general discussion this 
time. 

Professor Barrows’§ investigations form valuable contribution the sub- 
ject shaft spillways general and the Davis Bridge Spillway particular. 
source satisfaction that Professor Barrows’ results both the 
sufficiency the spillway provision and its capacity agree closely with the 
previous determinations. perhaps order explain why readings 
piezometers the model the tunnel were not taken during the Davis 
Bridge experiments. the first place was realized that the tunnel would 
not full throughout its length, except for flows approaching its maximum 
capacity, and, therefore, piezometer readings would particular value. 
the second place, the Schoder, Assoc. Am. 
E., indicated that the disturbance pressure due pipe bend exists for 
considerable distance down stream from the end the bend—perhaps, 
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far 100 diameters. Such condition would render piezometer 
readings short distance down stream from bend doubtful value, especially 
studies the excess loss head caused the bend. 

The writer believes there was some error Professor Barrows’ Series 
under experiments the open crest type (Table 11).* This series gives 
point which, when plotted Fig. falls line with points for the crest 
with flash-board piers. This does not seem reasonable, especially view 
the fact that Series and give points which fall well above the average curve 
drawn through the test points for the crest with piers. 

Mr. states that there are few, any, precedents the 
way structures intended endure velocities high the design velocity 
the Davis Bridge Spillway shaft and tunnel. Perhaps the most notable 
structures this type are the outlet conduits the retaining dams the 
Miami Conservancy District for which the design velocities concrete con- 
duits range from ft. per sec. pointed out him, the importance 
smooth surface the concrete lining preventing local erosion cannot 
over-emphasized and every endeavor was made Davis Bridge secure 
smooth surface practicable. Fortunately, the rock very firm and 
dense that there probability serious damage even some erosion 
the lining should occur and, course, there will ample time and good 
facilities for making necessary repairs after any flood that might cause such 
erosion. 

Mr. Lane§ has presented able and constructive discussion. The drift 
problem was fully appreciated. already mentioned, measures will 
taken prevent long pieces from entering the spillway. The adoption 
low head for passing the design flood was purely economic basis. The 
additional storage thus obtained justified the additional expenditure the 
spillway. Many other types spillway entrance were considered, one 
which was tested means model, but the circular, symmetrical type 
was adopted because its simpler hydraulics and the belief that model re- 
sults for such type could interpreted with greater certainty than for 
non-symmetrical types. 

The writer cannot agree with Mr. Lane when states that acceleration 
the water approaches the free drop was neglected. review the 
writer’s analysis will show that the beginning the free drop every particle 
the jet assumed have velocity corresponding its vertical distance 
below the water surface the pond, after making due deduction for losses 
over the flat crest. Can the particle have any greater velocity than this 
unless partial vacuum exists the lower portion the flowing stream 
rather unusual assumption and one not borne out the experiments) 
not, how has the acceleration been neglected? True, there has been 
attempt determine the shape the draw-down curve the water approaches 
this edge, but that not necessary, unless one attempts determine the 
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angle the mean thread the jet the horizontal, instead assuming 
horizontal, was done the writer. The advisability sharper 
crest curve than that adopted Davis Bridge open grave question. 

conclusion, the writer thanks all those who have contributed discussions 
and thus added the store ideas and information the subject shaft 
spillways. 


THE COLORADO RIVER PROBLEM 


Discussion* 


Am. Soc. has been well stated the paper 
that “an attempt solve all the problems the Colorado River single 
stroke the meager data now available likely result ill-advised 
expenditures nothing else”. Irrigation the Lower Basin the river 
only twenty-two years old; the Upper Basin not great deal older 
and less extensive. The idea storage dams the river canyons for the 
triple purposes flood control, complete storage water supply for irrigation, 
and power, although not old theory, new the respect that only recently 
has attempt been made investigate, field survey, the actual elements 
involved these three problems. the strength the relatively meager 
data hand, the public expects wholly untamed river harnessed 
completely with one dam, doing away with the necessity for the great sys- 
tems levees protecting the lower valleys; expects every flat place shown 
the map within the water-shed the river (and great deal land 
outside the water-shed) irrigated immediately. Each State involved 
naturally fighting for right the use water every acre possible, 
discounting the fact that perhaps only small proportion the acreage 
planned irrigate will found feasible for reclamation. International 
complications with Mexico are conjured up, with the result that great expen- 
ditures money are planned solely for the purpose holding the entire 
control the flow the stream American territory. Suddenly, the power 
possibilities the river are realized, and the fight for power rights on. 
The only element all the foregoing that requires immediate action, that is, 
the control the floods sufficiently save the lower valleys from annihila- 
tion, almost smothered the haste solve all the problems the river 
one stroke. 

Fortunately for all concerned, the Committee Irrigation and Reclama- 
tion the House Representatives, which investigating the Swing- 
Johnson Bill providing for the financing the Government works con- 
templated solve all the Colorado River problems, has been wise enough 
understand the importance the problem and studying all angles 


This discussion (of the paper William Kelly, Am. E., presented the 
meeting June 19, 1924, and published August, 1924, Proceedings) published 
order that the views expressed may brought before all members for further 

scussion. 
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the situation before reporting the Bill. these involve purely engineer- 
ing analysis the project, certainly the duty every engineer con- 
tribute all the information and study available the data already assembled. 
this connection, Colonel Kelly’s paper certainly most important. 

Although all cannot agree with the author’s conclusions their entirety, 
most engineers can certainly agree that the immediate necessity for flood 
control paramount, and that the Government should provide without delay 
the means for constructing dam sufficient proportions minimize the 
flood dangers, leaving the multitude remaining problems involved com- 
plete river regulation for irrigation and power solved later. the 
purpose this discussion rectify number the conclusions drawn from 
insufficient data. 

Flood lower irrigation projects the Colorado River, in- 
cluding the Imperial Valley, the Yuma Valley, and the Palo Verde Valley, 
must continue their levee maintenance work until regulation the river 
complete. With the tremendous variation the annual discharge from 
low point 9110000 acre-ft. 1902, high 400000 acre-ft. 
1909, must evident that one dam can never perfectly perform the triple 
functions providing maximum flood control, maximum conservation 
water for irrigation, and maximum power development. The provision neces- 
sary for silting space alone should bar this unattainable feat from further 
consideration. 

dam below the Canyon Section having storage capacity 
4000 000 acre-ft. and discharge facilities sec-ft., should sufficient 
care for the immediate problem, this dam utilized later for re-regu- 
lation the flow for irrigation when other dams for storage and power 
purposes are built above it. Such dam meets all the requirements for imme- 
diate flood control noted Colonel Kelly, with the possible exception 
regulation provide entirely for the Gila River floods. Unless the dam itself 
located within reasonable distance from Laguna Dam, above Yuma, 
Ariz., impractical attempt any substantial regulation the Colorado 
River supply offset the flash discharges entering the river from the Gila 
Yuma. Inasmuch necessary continue the maintenance the 
levee system the lower valleys, the floods the Gila are automatically 
cared for until such time its complete regulation justifiable. The very 
fact that the duration the Gila floods extremely limited, justifies the 
assumption that only local damage can done the lands Yuma and 
Imperial Valleys case levee failure. The reasons for continuing the 
maintenance the levee system the lower valleys, enumerated the 
author, are conclusive. 

Irrigation—In the speaker’s opinion the conclusion drawn Colonel 
many the State engineers interested the project, that there are more 
lands irrigate eventually than can served the water available, 
erroneous. Only experience will determine this issue. the speaker’s judg- 
ment correct, the facts herewith indicate, great many the most 
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serious problems involved the regulation the Colorado River disappear 
completely. 

Table illustrates the progress irrigation and the net usage water 
the lands Imperial Valley. 


TABLE Data ror VALLEY. 


Acreage irrigated, Volume water, 
Imperial United acre-feet, actually 
States and Mexico. used lands. 


Actual water duty, 
acre-feet. 


For period years the average duty was 2.8 acre-ft. per annum, which 
can safely applied the other valleys below the Canyon Section. has 
taken years reclaim and irrigate 731893 acres below the Canyon Sec- 
tion, distributed indicated Table 21. 


TABLE 


Imperial United States (measured the actual lands covered 
Yuma Valley....... 
Palo Verde Valley 


This relatively small total area represents the lands most easily irrigated 
during period which agriculture has had great stimulant through the 
necessities war. 

Familiarity with the lands the Lower Basin, gained over period 
twenty-two years, indicates the following ultimate acreage below the Canyon 
Section (Table 22) available for reclamation. comparison with these 
lands, others are probably impracticable for any extensive irrigation, either 
because altitude, lack fertility, alkaline tendencies, prohibitive costs 
reclamation. 


Imperial Valley, Mexico (on both sides the Colorado River) 

Imperial Valley, United States, within the present irrigation district 
Imperial Valley, outside East and West 
Coachella Valley and Dos Palmos...... 

Palo Verde Project. including 
Above Palo Verde Valley, including Parker Project..... 


1919 558 560 697 336 8.07 
1920 607 000 792 484 2.95 
1921 000 316 205 2.46 
1922 565 000 474 999 2.61 
1928 580 000 584 422 2.89 
740 000 acres 
448 
100 
100 
65 000 “ 


water 


luty, 
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Besides these 000 000 acres, there will demand for irrigation, except 
high mesa lands where the return from agriculture will not justify the 
expense excessive pumping lift. 

Assuming water duty 2.8 acre-ft. with 25% allowance for seepage, 
evaporation, and carrying losses the points delivery, there may 
total maximum demand the Lower Basin, including Mexico, 000 000 
acre-ft. per annum. Considering that the greater portion the additional 
lands that may come under irrigation the Lower Basin are more difficult 
and expensive reclaim, not likely that they will brought under cul- 
tivation quickly the 731000 acres now irrigated. However, assuming 
that the agricultural demand will necessitate the same rate, will prob- 
ably forty years before the Lower Basin will demand the entire 7000000 
acre-ft. water per annum. 

The Colorado River Compact, between six the seven Basin States, pro- 
vides 7000000 acre-ft. water for the States the Upper Basin. The 
maximum usage possible determined the paper acre-ft. plus 
acre-ft. possible withdraw into water-sheds other than the Colo- 
rado. doubtful whether such quantity water can ever put 
beneficial use the Upper Basin States; but presuming final usage 
acre-ft., the period over which this will developed will con- 
siderably more than the forty years necessary complete the usage the 
Lower Basin. 

spite the withdrawal from the tributaries the Colorado from the 
upper water-shed, water irrigate approximately 000 acres, found 
the Reclamation Service, the annual discharge the Colorado River 
Yuma for period covering the past forty-four years indicates trace- 
able depletion supply. The history irrigation Southern California 
and elsewhere during the past twenty-two years reflects similar condition. 
long the water not withdrawn from the water-shed, the quantity 
returned the river after irrigation may expected more than offset 
any shortage caused usage any acreage contemplated. The speaker’s 
experience the projects the Lower Colorado, Imperial Valley, Mexico, 
and the Palo Verde Valley, especially the latter, where the return water was 
measured some extent drain canal constructed along the river near 
the protective levee, indicates the tremendous return irrigation water 
the stream. With completely regulated Colorado River, whatever the flow, 
whether the complete allotment provided for the Colorado River Com- 
pact can utilized the Upper Basin States, the Lower Basin projects 
will never suffer from water shortage long considerable quantity 
water withdrawn from the water-shed. The following outstanding facts 
sum the situation: 


First—Under complete regulation, there will ample water for any 
future needs. 

Second.—On account the comparative slow advance irrigation, and 
the apparent rapid advance power demand, complete irrigation all the 
lands available the Colorado River water-shed will, without follow 
complete regulation the river for power; power demand will stimulate 
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regulation the river from which irrigation will later profit ample time 
for its needs. long the power dams are designed and regulated 
the Government the ultimate end that all the water the river can 
properly conserved for irrigation usage the times irrigation demand, 
the one dam built immediately for partial flood control, and the additional 
dams built meet the growing power demand, will ultimately completely solve 
the Colorado River problem and attain all the results sought the Swing- 
Johnson Bill. 

excess water for irrigation international disputes 
over the water are needless and complete treaty understanding between 
the United States and Mexico easily attainable. 


All-American February 29, 1924, the Imperial Irrigation Dis- 
trict had expended $511 357.60 for All-American Canal surveys, Boulder Can- 
yon Dam surveys, lobbying and conference expenses, and the Laguna Dam 
connection the Imperial Valley Water System; far the larger part 
this expense was incurred through the desire the part politicians within 
the Imperial District create All-American Canal. 

The argument for All-American Canal dates from the execution 
the contract October 23, 1918, referred the author, between the Sec- 
retary the Interior and the Imperial Irrigation District. Contrary the 
interpretation placed advocates the All-American Canal, this con- 
tract does not provide for the construction such work; provides prin- 
cipally for connection the Laguna Dam above Yuma with the Imperial 
Valley Canal System the International Boundary Line avoid the neces- 
sity further temporary dams the river Hanlon Heading, the intake 
the Imperial Canal System that objectionable the water users the Yuma 
Project directly across the stream. provides, secondarily, for survey 
the All-American Canal which, found practicable the Secretary the 
Interior, was built the Imperial Valley System, work commencing 
within period two years. The late Secretary Lane, the author this 
contract, positively disapproved building the All-American Canal ac- 
count its impracticability, found the survey; hence, the contract 
this respect effect. 

Colonel Kelly’s misunderstanding the contract October 23, 1918, 
does not differ from that great portion the public interested the 
The voters the election its ratification were voting for con- 
nection with Laguna Dam avoid threatened water shortage and further 
disagreement with the Yuma water users; they were not voting for All- 
American Canal. 

The Engineering Profession making grave mistake sanctioning, 
without protest, the building nationally known work the location 
adopted for this so-called All-American Canal, especially without more 
complete understanding the necessities making such enterprise even 
worthy consideration. Although the engineers engaged the design 
this work have protested its limitation within the United States, protest 
has not been strong prevent the politicians and selfish interests from 
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passing quickly over and proclaiming the location the canal one 
freely chosen and sanctioned the Engineering Profession. Thus, they 
have gained the confidence the public and through this confidence have 
nearly succeeded securing Government financing through what known 
the Swing-Johnson Bill. Just surely the promotion the project 

has been tied the engineers the country, just that surely will its con- 

struction failures fastened the engineers unless they examine forthwith 

detail all phases the project and proclaim their findings uncertain 

terms. Then, such work ever financed and built, may known 

political necessity and not sound engineering structure. 

Colonel Kelly’s position with regard the building the connection 
between Laguna Dam and the Imperial Valley Canal the International 
Boundary Line, shared the speaker. the so-called All-Amer- 
ican Canal, designed replace the main canal Imperial Valley now 
running through Mexico, should not built any the hypotheses set 
forth its sponsors for the following reasons: 

does not add one acre land irrigation that cannot otherwise 
added much less expense per acre and greater acreage. 

2.—It does not add one drop water the available supply, but, the 
other hand, represents extravagant waste through seepage and evaporation 
losses. 

does not add one unit power, but develops less electrical energy 
for the uses the American lands than can developed the other means 
suggested herein. 

all necessity, must political necessity, and this political 
necessity set its advocates the principal reason for its construc- 
tion. The fact the present canal being Mexico the main reason 
advocated for the building duplicate canal American territory. The 
principle, however, unsound because, will shown, Mexico water cus- 
tomer strict financial value the American users water, and, 
ally and neighbor the use water, great political value the project. 
matter fact the new project does not any sense relieve the owners 
the present Mexican Canal from maintaining their flood and irrigation 
works. 

5.—Above all, the construction and the maintenance difficulties and the 
prohibitive expense the All-American enterprise warrants most careful 
examination before shall receive the endorsement the Society any 
form. The reasons for this statement will now discussed. 

proposed under the All-American project (shown Fig. 19) bring 
water from the Laguna Dam -(after raising and modifying the dam care 
for the additional diversion) through enlarged canal located along the 
route the present Government canal far what known Siphon 
Drop; thence continuing along the foot-hills between the mesa and the river 
bottom-lands far Pilot Knob, where divert westerly along the 
International Boundary Line and plunge directly into the forbidding territory 

between Pilot Knob and the Imperial Valley. The plan calls for the aban- 
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donment the gravity system now supplying Imperial Valley through Hanlon 
Heading Pilot Knob way Mexico. This present supply flows entirely 
below the surface the ground Hanlon Heading and affords safe de- 
livery water Imperial Valley through all seasons the year. Any 
desert rain storms along the route the proposed canal from the Laguna 
Dam Knob can, without difficulty, break and divert its entire 
supply back into the Colorado River. The storm regulators provided the 
engineers are inadequate cope with the inevitable cloudbursts draining from 
the mesa lands along the foot which the canal run. Although the new 
canal from Laguna Dam should constructed far Pilot Knob, pro- 
jected, still the diversion through Hanlon Heading, directly from the river 


and into the Valley its present route, should maintained safeguard. 


The Imperial Irrigation District, with population 60000 dependent 
entirely the flow from the river, cannot subjected the possibilities 
delays water service. 

proposed, from Pilot Knob westerly, construct the All-American 
Canal cut ranging from 160 ft. depth, through miles high 
mesa land and miles the most extensive drifting sand-hills America 
(Fig. 14) along the approximate route the spectacular California State 
Highway between Yuma and Imperial Valley (Fig. 15), which built 
portable plank board sections, for raising and lowering the grade and regu- 
lating the route with the drifting the sand. Along this same approximate 
route constructed the power line the Southern Sierras Power Company; 
its experience alone maintaining miles line should enough 
weaken the determination the most enthusiastic supporters All-Amer- 
ican Canal. One day 30-ft. power poles are covered the wires with sand 
and the next day undermined 24-hour sand storm. 

build canal through this section itself most infeasible exploit, 
not only because the difficulties excavation and original construction, 
but also account the hazards and maintenance expense afterward. 

Fig. shows cross-section this work one the deeper cuts. 
proposed make this excavation with suction dredgers cost 
cents per cu. yd. shows conclusively that heavy sands and 
gravels cannot pumped this figure even with low lifts, let alone through 
the gigantic lift 150 ft. and more which will obtain when the spoil banks 
are built along the edges the cut. consideration given the fact 
that impossible feat excavate with hydraulic machines, maintaining 
such slope estimated; probably 50% excess materials must moved 
this means excavation utilized. Should even 20% the excavated 
materials waste, the cost the cut will increased between 000 000 
and $3000000. Should the engineer’s estimate exceeded cents per 
cu. the cost the work will increased Not only the work 
itself dangerous experiment, perhaps entirely impossible task, but the 
estimates themselves such experiment are undependable, the whole 
project the mercy the elements. 

The velocities that will obtain the canal planned range from ft. 
ft. per sec.; these velocities are high the engineer dared risk 
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SAND-HILL REGION TRAVERSED ALL-AMERICAN CANAL, SHOWING 
FORMATION. 


Fic, ALL-AMERICAN CANAL THROUGH THE SHOWING ALSO 
THE CALIFORNIA STATE PLANKED APPROXIMATE ROUTE. 
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the loosely knit sand and gravel through the mesa, yet velocity ft. 
per sec. will not keep suspension the surface sands which blow from 
the surrounding country. other words, velocity maintained 
cient keep the drifting sands suspension and avoid the clogging the 
canal, then, certain seasons the year, when the silt content from the 
river water light, this same velocity will erode the banks manner that 
will ruin the entire section the canal. 

canal all American territory, designed serve the western slope 
Imperial Valley, would pass along the boundary line north the City Calex- 
ico, crossing New River extensive viaduct, costing with its 
wasteway, and enter the West Side Main Canal, which the high ground 
the western slope the Valley. The fills required crossing the western 
section the Valley attain the altitudes necessary the western slope, 
would high ft. above the natural ground. This section the 
country already menaced ground-water due seepage from the local 
canals and the All-American Canal were carried across this same territory, 
such extraordinary height, this section would ruined from ground- 
water. considerable area land west the present West Side Main 
would left its present condition permanently, account the low 
elevation the All-American Canal. 


Spoil Bank 50 Spoil Bank 


Area 49 000 sq, ft, LS Ly 


SECTION aT 865+00 
CROSS SECTION CUT THROUGH SAND RIDGES 
SHOWING PROBABLE CHANGE SECTION END ONE YEAR 
100 
SCALE IN FEET 
16. 


Assuming the All-American Canal built, the next consideration con- 
cerns its future maintenance. The very fact that the stream cut 
ft. below the floor the mesa itself, with crowning sand-hills heights 
ranging 100 ft. above the floor, makes absolutely certain that the cut 
itself will receive and hold the entire volume sand drifted each 
storm. Where the sand-drift passes across the country without interruption, 
pass through the sand-hills, such the Government Pass 
which part the canal located, can remain fairly open; but where the 
passage deliberately interrupted cut having flowing stream its 
bottom, then all the sands must necessarily enter and remain this exca- 

Here, again, Imperial Valley must depend present canal system 
through Mexico interruptions the delivery water are avoided— 
interruptions that unquestionably will fatal account the huge quan- 
tity drift involved. 

The borings taken along the route the proposed canal porous 
strata the canal prism. with the Boulder Canyon Dam built 
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and with some relief from the silt thrown into the canals present, this 
prism cannot possibly seal itself. The water losses from seepage, estimated 
from the losses occurring the present East High Line Canal through sim- 
ilar sections material, will amount 27%, unless the canal lined with 
concrete. This loss prohibitive not only because the interference 
regulating the supply the land about 150 miles distant, but more particu- 
larly because the very water lost the All-American Canal will mean the 
ruination, from saturation, all the low-lying lands along the section 
the country through which passes. 

alternative, lining the canal with concrete tunneling the sand- 
hills impractical, principally because the section must constructed for 
the maximum irrigation requirement immediately, will difficult 
enlarge. may twenty years before the entire capacity will de- 
manded for irrigation, the additional investment present prohibitive. 

However, the main objection the location such canal the uncon- 
trollable elements injected into the problem deliberately cutting and main- 
taining waterway through the very heart desert mesa region, capped 
with drifting sand dunes. means studies herein discussed, these mam- 
moth sand dunes are easily recognized similar size and construction 
and the phenomena governing their movement, the most extensive types 
the world over. the welfare thousands souls the oasis the 
great Sahara Desert, where prosperous settlements have been overwhelmed 
and blotted out existence, intimately connected with the rate move- 
ment and the mode accumulation wind-borne sands, the fate 
one the greatest irrigation regions the world coupled inseparably with 
similar movement great sand-hills the route the All-American Canal. 
The lessons taught engineers and geologists England, France, and the 
United States, their years study and observation the sand dune regions 
the world, must applied this case avoid disaster attempting 
build the All-American Canal. 

addition the difficulties construction, there the question 
determining from experiments elsewhere whether not the sand-hills through 
12-mile section the All-American Canal can prevented from drifting 
into the canal; secondly, remains determine the rate movement 
the sands the character found this case; and thirdly, having projected 
determined quantity sand into the canal, important whether 
not conditions can set the canal itself enabling the water transport 
the sand without resorting mechanical means. 

Although localities lesser sand-drifts, fences, trees, oiling 
the ground surface are useful stopping their encroachment, under con- 
ditions such overwhelming drift, the case hand, such means 
would successful. The only effect oiling planting vegetation 
create other sand dunes. brush fences, and obstacles placed 
the path such extreme drift are most readily submerged, emerging, how- 
ever, the dunes move on. the case the All-American Canal, the 
sand rolls over such obstacles, next encounters the running stream water 
which the only effectual means stopping it. follows that the most 
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general method checking the encroachment blow sands promote 
the growth sand dunes; and sand dune best promoted running 
stream. Sand-hills the western shores the Holy Land, and dis- 
trict extending almost from the borders Egypt, including the neighborhood 
Alexandria, are stopped only the Nile. Sand dunes are invaders far 
more dangerous than the waves the sea and only stream that will carry 
off the particles will effectively stop them. 

determining the capacity the canal carry off the sands injected 
into it, examine the mechanical elements the materials 
involved and determine the quantity removed. Table indicates 
the remarkable similarity the grading sand from dunes scattered over 
the United States. The similarity sands taken along the route the All- 
American Canal samples taken elsewhere the United States, and the 
mechanical analysis the sands the Lybian Deserts and the regions 
the Sahara, justify the assumption that the phenomena governing the move- 
ment sands the older and more carefully studied regions, will re- 
peated the case hand. Fig. shown the positions from which the 
speaker’s samples the All-American Canal were taken. 


Figures indicate location from which samples 
Table were taken 


17. 


The scouring action fluids varies theoretically the square the 
velocity and does the diameter the particle transported. the velocity 
doubled, the diameter the particles transported may increased four 
times. The transporting power wind varies approximately with its erosive 
force, that is, the square the velocity fluids, whereas its lifting 
capacity changes according the sixth power. The range velocity 
dune-making winds, certainly exceeds, twice the normal, and hence might 
expected that the bulk sand, some places least, should consist 
grains many times large others, were not for scarcity the larger 

Size alone may make dune permanent hill even composed 
loose sand throughout. Given constant climate, large desert dune might 
easily outlast the highest mountains, for the denuding agency continually 
renews the surfaces. the other hand, there necessarily limitation 
the process whereby dunes grow, which prevents their attaining heights equal 
those mountains formed erosion. Winds have greater power 
considerable elevation than the surface that more sand removed from 
the summits than replaced the wind and thus the lowering the sum- 
not offset the deepening the trough; action the summits 
dunes hastened, and the trough hindered, gravity, and should 
trough created excavation through the sand dunes, the phenomena men- 
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tioned would continue until the point was reached the filling the trough 
where any deepening would compensated the lowering the. summits. 

Obstacles, such wall, affect the distribution sand wind two 
ways, directly obstacles and indirectly affecting the motions the air. 
Wind evokes eddies each side obstacle. These eddies the weather 
side pick the finer grains which those the lee side capture, throwing 
away only the finest them. Sand, therefore, deposits against both sides 
the wall. high canal spoil bank, even, though wetted, oiled, and grown 
with shrubs, acts merely wall, the sand being deposited both the 
side and the canal side. the sand fine and the wind strong, the prin- 
cipal deposit the lee side the canal; the wall embankment 
high, nothing first will get over it, except dust wafted the air. time, 
however, the mechanical obstacle offered the bank results building 
sloping platform the weather side and when the platform reaches 
ciently near the top the embankment, the winnowing action described com- 
mences. The deposit the lee side being formed sedimentation takes 
its angle repose, usually quite steep. If, however, favoring conditions, 
the sloping platform the windward side should time surmount the bank 
wall, that the large grains could roll over, proper dune “barchan” 
profile produced (Figs. and 17), and the movement the dune bar- 
chan into the canal corresponds with the movement the dune similar 
character without the area the canal prism. 

the observations made Mr. Beadnell, formerly the Geo- 
logical Survey Egypt, the dunes the Lybian Desert, the following 
results were obtained with air meter under different conditions wind 
the dune belts (from personal observation, corresponding results are ob- 
tained the sand-dune regions the All-American Canal): 

the dunes, the sand commences move when the winds attain the 
velocity light breeze, miles per hour. 

the open plains, the wind becomes visibly charged with sand 
soon the velocity moderate breeze (23 miles per hour) obtained. 

conditions obtained when the wind exceeded moderate 
breeze, the maximum velocity actually recorded being miles per hour. 


John August Udden, 1898, 
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The following experiments correspond general those made 
attempt trace the annual movement sand dune through the section 
the proposed All-American Canal: 

Dr. Franz Czerny, dunes the Baltic Coast the 
Province Courland moved the rate ft. per year. 

measured the movement the dunes Gascogne the 


rate per year. 
found the average rate advance crest dune near 


Ismailia about in. per hour. 
Enock estimated the movement barchans South America 


Position samples. Five 


Analysis taken from 
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5.—On the Lybian Desert, the movement barchans much 
per year. 

6.—In the sand dunes along the route the All-American Canal, great 
movement barchans has been recorded ft. per year. 

Fig. shows profile that section the proposed All-American Canal 
through the sand-dune region. reasonable expect from the experi- 
ments mentioned that the sand dunes through which the canal will 
shift average ft. per year. The cross-section the canal (Fig. 16), 
indicates nearly possible, what effect this shifting will have the 
prism. calculation the quantity sand shifted per year into the 
canal, reflected the cross-section, gives 000 cu. yd. 


Elevation Feet 


100 
1100 1980 


980 930 


30 680 
Distance in Hundreds of Feet 
18. 


The mechanical analysis the sands shifted into the canal corresponds 
that materials dragged along the bottom Colorado River like 
streams. These materials form themselves the bottom the streams into 
dunes and anti-dunes and move such sand waves down the stream. 
due the dragging rather than the suspension faculties the stream 
that these types sands are transported. The first movement begins 
surface velocity 1.3 ft. per sec. 

From the tabulated data movement sand waves,* the following cases 
are recorded where velocities and sand weights correspond those the 
All-American Canal: the Mississippi River Helena, Ark., crests 
sand waves moved per day with stream velocity 3.58 ft. per sec. 
the Loire, for corresponding velocities the movement was from 16.4 ft. 
ft. per day. Measured Sainjon, the Loire, under surface 
velocity 1.33 per sec., the crests sand-bars moved from 0.000056 
per sec. 0.000087 per sec. 

From the foregoing experiments safe assume that materials 
like nature injected into the All-American Canal will dragged the 
bottom the canal sand waves under the prevailing velocities ft. 
per sec., distance approximately ft. per year. the materials pre 
sumed have been thrown into the canal the wind, only one-tenth will 
thus scoured from the critical section through the sand-hills, leaving 
800 000 cu. yd. removed with dredges each year. matter fact, 
even the small proportion that passes through the critical section sand 


*“The Suspension Solids Flowing Elon Hooker, Trans- 
actions, Am. Soc, E., Vol. XXXVI (1896), 239, 
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waves will only distributed through lower reaches the canal, there 
are sluiceways available near the sand-hill section. Any neglect the 
yearly dredging the canal any accumulation sand deposits one 
section will result complete blocking the water supply, unless the Mex- 
ican Canal maintained stand-by. The effect will demoralize the 
living conditions the 50000 60000 people the Imperial Valley, who 
are dependent entirely the Colorado River for their water supply. 

Practical Substitute for the All-American outlying lands 
the Imperial Valley Basin, including the East and West Mesa and the 
Coachella Valley, can secure water supply from the Colorado River. How- 
ever, this must attained without overburdening the already too heavily 
taxed users water the Imperial Irrigation District. This can done 
practical manner and much less expense than the All-American Canal 
route, for the new mesa lands and the Coachella Valley. These new Govern- 
ment lands can then acquired and farmed successfully the returned 
soldier, any other entrymen who can finance and build their own canal 
systems the proper time, the same manner the other districts within 
the present Imperial Irrigation District and Coachella Valley without the 
necessity Government appropriation. 

Fig. shows the proposed route the All-American Canal and lateral 
canal system for the new lands, covered the report referred to. Delin- 
eated also the same map the system proposed hereunder, irrigate the 
same lands, except greater acreage. Briefly described, this proposal 
follows. 

Laguna-Pilot Knob Canal for Imperial Irrigation District—Construct the 
canal and works from Laguna Dam Pilot Knob provided the 
American Canal report. Pilot Knob, empty the entire flow the canal 
into the Alamo Canal, utilizing the present main channel through Mexico. 
Construct power plant the point delivery into the Alamo Canal 
utilize the Mexican, well the American water generate h.p. 
This power calculated from the following factors: Delivering water from 
Laguna Dam Pilot Knob elevation ft. and dropping 000 
cu. ft. per sec. ft. into,the Alamo Canal. This water can shortly sold 
American and Mexican lands during part the year and used sluice 
the Imperial Valley Canals during the remainder the year. The power 
developed will delivered follows: 

h.p. the Yuma project, per contract October 23, 1918; 

7500 h.p. lift 1300 sec-ft. water from the new canal the floor 
the mesa Pilot Knob irrigate acres land Coachella 
Valley and Dos Palmas; 

h.p. lift 600 sec-ft. water from the Alamo Canal the floor 
the mesa the west end the sand-hills irrigate 200 000 acres 
East Side Mesa lands United States and Mexico. 

This proposed canal and power plant will cost the District 600 000. 

The advantages this proposed work, over the All-American proposal, 
are that the Hanlon Heading Diversion, and the Alamo Canal through Mexico, 
will serve stand-by for the water system Imperial Valley case 
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the Laguna Dam connection. The power development imme- 
diately greater than that developed the All-American Canal, 
market for hand, with little transmission loss and expense. the 
irrigated acreage increases either side the International Boundary Line, 
will the power development increase, while with the All-American Canal 
future increase can had and the Mexican water power lost the 


District entirely. 


IMPERIAL VALLEY 
IRRIGATION SYSTEM 
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Canal for Coachella from the Laguna-Pilot Knob Canal, 
1300 sec-ft. water for Coachella Valley and Dos Palmas. This water 
lifted from elevation 143 ft. the floor the mesa elevation 
183 ft. and carried canal top the mesa normal cut along 
the northeasterly side the sand-hills (Fig. 19), distance avoid sand 
drift encroachment, the main line the Southern Pacific Railroad, 
elevation 128 ft. Here, crosses and follows grade contour Coachella 
Valley ft. higher than that reached the All-American sand-hill route. 
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The route this location miles shorter than way the sand-hill 
route and its higher elevation places greater advantage far storm 
drainage concerned. The higher contour irrigates 23000 acres more 
Coachella Valley than the sand-hill route, making all 100 000 acres agri- 
cultural land place 77000 acres contemplated. The costs would 
follows: 


miles canal, Pilot Knob Iris............ 200 000 
Iris end, including 474 000 


For 100 000 acres this would $81.74 per acre, compared $102.00 
per acre, estimated the All-American Canal report. The saving mainte- 
nance the pumping route will more than pay for the power and operation 
the pumping plant. 

Canal for East Side Mesa Lands.—Lift from the Alamo Canal Mexico, 
Elevation 93, sec-ft. the top the mesa west the sand-hills, 
Elevation 160, irrigate all the East Side Mesa lands, contemplated 
the All-American sand-hill route (160000 acres the United States and 
30000 acres Mexico), together with 10000 acres not reached the 
American route. lift this flow from the Alamo Canal, 20-ft. head pump- 
ing plant would required, the water would carried Mexican canal 
for distance miles the foot the mesa, where lifted two 
more lifts ft. the top the mesa; the canal the mesa follows along 
the westerly edge the sand-hills (Fig. 19) Iris, the approximate route 
the pumping canal lateral contemplated the All-American program. 
The cost would follows: 

Main Canal Iris, plus 100 000 acres lateral system.. 4466 800 
Plus additional 100 000 acres lateral system $16.. 1600000 


Under the All-American sand-hill route the cost per acre $85.20, with 
cost for maintenance which will operate the pumping plants under the 
Mexican route. 

Canal for West. Side Mesa canal from the Cerro 
Prieto Canal Mexico, Tule Check, following grade contour along the 
western slope the valley above the line contemplated 
Canal System, irrigating agricultural land follows: 

Lands covered All-American Canal 000 acres 

New lands above All-American Canal System........ 

Pump lands covered All-American Canal System.... 28000 
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The cost this project would follows: 
Enlarging Solfatara and Cerro Prieto Canals Mexico, 


New canal International Boundary Line (19 200 000 
Building “B” Line Canal new location plus enlarge- 


ment for additional 641 000 


Total cost for gravity lands...... $35.35 per acre 
Plus pumping 


Total cost for 23000 acres pumping lands.... $85.85 per acre 


Under the All-American Canal System, the corresponding costs are $106.00 
per acre for the gravity lands the West Side and $156.50 per acre for the 
pump lands. 

The advantage the Mexican route for the West Side lands, the saving 
cost per acre, the saving maintenance, and more direct and simple 
routing, over the prohibitory expense and impossible location the All- 
American Canal System proposed. 

has been pointed out, supporters the All-American Canal 
must necessarily create plausible reason for building it. They cannot well 
use the merits the canal itself which are comparison negative. There- 
fore, the only remaining argument for the canal Mexico, the “bogey-man”. 
There being grounds truth for argument they and their supporters 
have recklessly resorted imaginary accusations which have bearing the 
situation whatever, and, their attacks Mexico, have exposed the interests 
American farmers the Imperial Valley the possibility retaliation 
that might irreparable damage the Nation. 

Among other accusations, the supporters for the All-American Canal con- 
tend that Mexican lands have not paid their proportion the expenses neces- 
sary maintaining the canal and flood-control works the Imperial Irriga- 
tion District. Mexican lands are not owners these works are the purchasers 
who happen the Imperial Irrigation District, but are merely customers, 
having representation the control water affairs and having 
participation the possible earnings from the Canal System. Tables and 
indicate the amounts which Mexico has overpaid the past five years 
the water and flood-control affairs the Imperial Irrigation District. 

Table the entire financial distribution the funds the Imperial 
Irrigation District has been studied and, from the figures presented the 
Auditor the District, extracts have been taken. The four years 
District affairs ending December 31, 1922, have been chosen, 
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TABLE FROM FINANCIAL 
Reports, 1919-1922. 


Acreage irrigated, United States} 417 000.00 417 000.00 414 000.00 415 663 000.00 
Acreage irrigated, Mexico 560.00 190 000.00 122 000.00 150 000.00 


Total acreage irrigated 


Mexico irrigated 26.47% 
entire acreage for years. 

the same manner, Mexico 
irrigated 26.55% entire 
acreage 1922. 


Total interest paid Irrigation 
District all District bonds 
and warrants, together with 
all-discounts, taxes, and other 
similar charges paid, except 
discount fourth issue 
bonds sold for purchase 
Mutual Water Companies and 
Drainage United States 
part District $451 $458 $408 555.00 |$1 852 449.79 


Mexico’s proportion total 
interest charge 26.47% 
852 449.79, $490 343.46. 

the same manner, Mexico’s 
proportion interest charge 
1922 26.55% $408 555, 
$108 471.35. 


Water sales, United States $699 782.20| $814 867.54 $788 952.59 
Water sales, 340 710.66 499 000.00 469 670 


Total water sales, United States 
and 040 492.86 313 867.54 060 392.93 258 673 446.56 


Mexico paid 35.74% all 
water revenues for years. 

the same manner, Mexico 
paid all water 
revenues 


Total operating costs District 
both sides Boundary 
Line for both canal and levee 
systems, includes superinten- 
dence, maintaining canals. 
levees, bridges, structures, 
buildings, fixtures, grounds, 
power and telephone lines, 
insurance, maintenance all 
machinery, including depre- 
ciation; cost distributing 
water; salaries and expenses 
Irrigation District directors, 
officers, clerks all points, 
law expenses, advertising 
Profit water rentals over 
Other profits, exclusive tax 
assessments, certificates 
redemption and interest 
same, any other profit paid 
nited States side line..... 040.61 245.00 701.36 356.64 806 344.01 


$162 811.79 $411 $496 254.24 528 313.23 


1919 1920 1921 1922 Total. 
acre 

well 
man”, 
the 
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TABLE 24.—(Continued.) 


proportion total based the amount money she paid 


Mexico’s over-payment all operating costs and interest for four years...... 088.69 
the same manner, Mexico’s proportion total for 


683.14 


those years will properly emphasize the financial relationship between the 
Mexican and the American sides the line; the first years the financial 
history the District (previous 1919) reflect approximately the same 
relationship, but the actual distribution figures not dependable 
segregation between Mexican and American expenditures. 

the four years covered Table 24, avoid the risk 
expense and disbursement, all the expenses the Imperial Irrigation 
District, both sides the line, have been taken into account, and 
Mexico has been charged with its proportion these expenses. reality, 
Mexico simply water customer the Imperial Irrigation District 
and its Mexican Compania Branch, known “Compania Torrenos 

Aguas Baja California, A.”; the original costs and maintenance 
all the canals and structures north the International Boundary Line, 
with the exception the Hanlon Heading and Laguna Dam structures, 
should not charged against Mexico. this were done, the overcharge 
which Mexico has paid operating expenses, principal, and interest 
bonds, ete., would more than double that shown Table 24. 

The investigation summarized Table indicates the following facts: 


the four years considered, Mexican lands paid not 
only their acreage proportion the operating costs all work and expense 
the District, but also excess their acreage pro- 
portion all interest bonds, warrants, taxes, and every other expense 
incidental the capital investment the District both sides the line. 

2.—Again, for the year 1922, Mexico has paid all its share the 
operating costs both sides the line, together with its share all 
the interest items for capital investment the District both sides 
the line, and has paid excess, There should added the 
latter item, the sum $68 020.06, paid cash the Colorado River Land 
Company, A., 1922, the levee work the District Mexico, making 
over-payment Mexico more than $128 703.20. 

the total both items should added differential arrived at, 
follows: 

The Irrigation District virtually delivered water the individual user 
the American side the Line, inasmuch allowed average 
10% for seepage and evaporation losses the Canal System, besides main- 
taining most the main canals. Mexico, the water charge made 
directly the main canal the District, with allowance for seepage 
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and evaporation and for canal maintenance. Another item the advantage 
the American side, the fact that none the Water Companies paid 
the District advance for the water; fact, most the Water 
panies have been arrears several months time, whereas the Mexican 
users pay advance, before water put into the Mexican Canals. There- 
fore, equalize the differential water charges alone, there should 
added the water payment Mexico four years the sum $167 015.36, 
making Mexico’s total over-payment for the four years, the 
same manner, the over-payment made Mexico for 1922 should $128 703.20 
plus $46 974.06, $175 677.26. 

will noted that the expense per acre for water used Mexico 
greatly exceeds that for the United States; for instance, the ‘total cash 
cost Mexico per acre irrigated for 1922 was $3.13, while the United 
States was $1.09. This not because Mexico used more water per acre 
than the United States, but because the 10% differential allowance for 
seepage and evaporation the United States and because the water charge 
the District Mexico was greater than that the United States until 
the time the Water Companies were absorbed. The highest rate paid 
Mexico for water $2.08 per sec-ft.; the lowest rate Mexico cents 
per 1000 cu. m., $1.83 per sec-ft., both without any allowance for losses. 
the United States, the highest rate paid, until the date absorption 
the Water Companies, was $1.70 per sec-ft. true that since then this 
rate has been raised $2.00 per sec-ft., but the water delivered the 
individual irrigator, eliminating all losses whatever nature canal transit; 
besides this, the practice now, and has been for some years, for the 
District furnish water the American side for canal sluicing, washing 
out alkali lands, and generally for helping out the individual farmer. 
such courtesy now ever has been extended the Mexican water user. 
The cash allowance, besides water, the Water Companies the District 
for 1920, 1921, and 1922, was $202 674.23. 

stated the foregoing, none the canal systems Mexico, other 
than the main canal the District, maintained the District. The 
amount the assessment against Mexican acre the same more than 
the average water assessment the Mutual Water Companies the District 
for the same purpose the United States. matters now stand, since 
the District has absorbed the Mutual Water Companies, equalize the 
maintenance and water charges the District should also assume the obliga- 
tion maintaining all canals Mexico. should pay the rate $9.09 
per acre for each acre irrigated Mexico, together with the cost the 
dredgers and other operating equipment the Mexican Canal Companies 
and should assume the delivery water the individual Mexican user 
the same manner that has done with the Mutual Water Companies 
the American side. the water user the American side, the District, 
paid cash the sum $4724612 cover the items canal 
systems, equipment, 
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The advantages the American water user the present system selling 
water the District Mexico have never been properly presented the 
District. Were the All-American Canal built, for instance, and should 
the District discontinue the usage its Mexico main and the sale 
water Mexico route, the American water user would not only have the 
bonded debt his land, created the financing such canal, but 
would bear the burden the decreased revenues the District. The 
District, that case, would identical with large department store, hav- 
ing all the departments idle except the top floor; other words, store sup- 
plied with goods and equipment business all ten floors, but only 
selling and creating profit the top floor. The expense carrying water 
from the Heading the river for fifty miles through Mexico, through 
All-American Canal the American side, without creating any business until 
reaches the upper portion the Line, the irrigable area the East Side 
Mesa the United States, similar example. 

The tax rate the American side for the four years under discussion is, 
follows: $1.67 1919; 1920; $1.85 1921; and $1.90 1922; 
average $1.95. Should there wiped out the revenues collected 
advance from Mexico for the four years, the total sum 153.63, 
then the tax rate per acre the American land and property owner would 
nearly doubled. 

the studies which have been made the entire question, the relationship 
capital investment between Mexico and the United States has also been 
investigated. the building the canal and levee systems there has been 
constructed and utilized for the benefit American lands, total miles 
and miles levee the properties the Colorado River Land 
Company, A., alone, totaling acreage right way (exclusive lands 
lost seepage damage, etc.) 30000 acres. This taken with the right 
way occupied the remainder the Mexican lands other than those the 
Colorado River Land Company, brings the total usage property 
50000 acres, which $50 per acre, has total capital value 500 000, 
equivalent more than Mexico’s proportion the bonded debt the Imperial 
Irrigation District. 

Table summary taken from the figures furnished the Imperial 
Irrigation District showing the over-payment Mexico its share 
expenses for 1923. Summarizing, the actual amount money expended 
deliver water the International Boundary Line, the various points 
diversion into the United States, for agricultural use, follows: 


All diversion works Hanlon Heading, ete........... $122 
All costs delivering Mexican water, and carrying 

American water through 
All river protective work every nature.............. 


Total cost the Irrigation District deliver water 
the various canal points along the International 
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Boundary Line for usage the United States, and 
deliver Mexican water. $506 048.96 
Total water sales Mexico §26 971.56 
Difference between money received from Mexico and 
total monies expended the District. 922.60 
Plus paid the Colorado River 
for river protective work, not included the 
855.65 


Total net profit the Imperial Irrigation District, after 
delivering all Mexican water, and delivering American 
water the various canals the International 
Boundary Line $60 778.25 


other words, during 1923 the Imperial Irrigation District furnished 
water its American water users the International Boundary Line abso- 
lutely free cost and with added cash profit Were the All- 
American Canal built and functioning 1923, the same operating costs 
those given, the total $506 048.96, would have met the American 
water user addition all the other taxes, water costs, and expenses paid 
1923. 

Besides, the abandonment the District its 137 miles canals through 
Mexico, and its miles protective levees and railroads, together with the 
rock quarries and properties pertaining thereto, amounting all total 
capital value approximately 000 000, would lost. 

Furthermore, considering Tables and 25, should remembered 
that the time the Mutual Water Companies the American side were 
absorbed, they owed the District total sum The Mexican 
water users owed the District nothing; fact, they paid advance 
great deal their water. the sum owing the Imperial Irrigation District 
the American Mutual Water Companies, $202 674.23 was written off 
the District, and this bonus, granted the American users, charged the 
financial statements proportionately against Mexico also. 

The supporters the All-American Canal contend that the restrictions 
placed them and construction and operation works Mexico are 
prohibitive. The restrictions Mexico are far less severe than those the 
United States wherever the public interest involved. time the 
history irrigation the Imperial Valley have the Mexican engineers been 
anything but helpful the construction and maintenance the System. 

addition the innumerable other objections having the canal system 
Mexico, the supporters the All-American Canal urge their desire con- 
trol the quantity water Mexico shall receive from the Colorado River, 
order that Mexico shall the one deprived water when water short- 
age comes them. The position alone Mexico’s irrigable lands the 
Delta the Colorado River assures them ample supply water even 
the entire regulated flow utilized the projects above them, long 
the waters are not withdrawn from the water-shed the stream. The return 
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TABLE 25.—Tue FROM FINANCIAL 
Report For 1923.* 


Acreage irrigated, United 


Total acreage irrigated, United States and 
Mexico irrigated 33.96% entire acreage 


Total interest Irrigation District all District bonds and warrants, 
together with discounts, taxes, and other similar charges paid, except 
discount and interest 1923, fourth issue bonds sold for purchase 
Mutual Water Companies and United States part District... $487 500.00 


Mexico’s proportion total interest charge 33.96% 500, or...... 148 575.00 


Total water sales, United States and 441 803.71 
Mexico paid 36.55% all water revenues 1923. 


Total operating cost the Irrigation District for 1923, including diversion 
work from the Colorado River the International Boundary Line, all 
and maintenance costs Mexico for both American and Mexican 
water, all river protective work. all expense the Directors and 
General Administration both sides the Line, all storage and All- 
American Canal expense, all telephone and power-line expense, etc., the 
above includes every expense every nature, except only construction 
cost the drainage system the United States, plus construction costs 
and costs delivering water the individual American ranchers, after 
the water crosses back into the United States the various American 


Profit water rentals over operating costs for 642 625.82 
Other profits entering the Mexican funds, but excluding profits 

entering “General such interest bank deposits, property 


Total profits from for $704 474.59 


Mexico’s proportion total profits based the amount money Mexico 

paid secure said profits, $704 474.59, 257 185.46 
Mexico’s proportion interest and discount charges bonds per 


Mexico’s over-payment operating costs and bonded debt costs for 1923 $108 910.46 


Add the above, cash payment the Irrigation District the 
Colorado River Land Company for its proportion river protective 
work, per agreement (this sum not shown the District’s 
1928 Financial Statement because was paid the early part 1924).. 855.65 


Mexico’s total over-payment its proportion all costs for $148 766.11 


All charges for maintenance and operation every nature (including All-American 
Canal expense date), have been taken into account and charged proportionately 
Mexico, except only (a) interest and discount fourth issue District’s bonds sold 
purchase Mutual Water Companies and build drainage works the American side; 
(b) monies expended distributing water individual American water users after 
passes into the United States; (c) monies expended building drainage works United 
States; and (d) capital purchase buildings, fixtures, and equipment for use distributing 
water individual water users the United States. 


waters from the irrigation 000 000 acres the projects above will furnish 
the comparatively small area Mexican land with ample supply water 
forever. there surplus water for irrigation requirements, there should 
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strife between the two countries the division the water, and 
treaty arrangement whereby American water can passed through Mexico 
under complete control American owners should made easy. 

Conclusion—Summarizing the whole situation, must evident after 
careful study the Colorado River problem from unselfish and unbiased 
point view, that outside political considerations and ambitions there 
logical reason for the present agitation. 

fully conserved there would more water the Colorado River water- 
shed than needed the practical agricultural land both sides the 
International Boundary Line. does not require All-American Canal 
serve the remaining agricultural lands Southern California. 
control dam, built forthwith some point the river the Government 
will solve the immediate flood problem, leaving the Federal Power Commission 
free act granting power permits complete the development the river 
after the Colorado River Compact between the States has been ratified. 


Assoc. Am. Soc. E.—Present engineering 
information the Colorado River problem has been ably summarized the 
author. Several his conclusions are diametrically opposed plan that 
has received wide publicity and has secured firm hold the popular imag- 
ination, the so-called “Boulder Canyon Project”. Although the speaker does 
not regard this Project the best solution the Colorado River problem, 
admires most heartily its bold conception individual development. 

its final form, the Boulder Canyon Project proposes dam rising 605 
ft. above low water, capable storing acre-ft. behind it, the dam 
itself cost least The power rights are leased politi- 
sub-divisions others basis that will amortize the cost fifty 
years. The power plants have been estimated cost and the 
transmission lines leading the market, $46 000 000; total $132 000 000, 
more, without the All-American Canal that has been appended the Project 
pending legislation. According its proponents, this Project would: 


(a) Reduce the maximum flood flow 
(b) Furnish regulated irrigation supply all irrigable lands below it; 
and 
(c) Produce 660000 continuous horse-power with surplus even more 
than this certain times. 
The author holds that the development not justifiable, because: 
marked economic gain will result from reducing the flood flow 
below 000 sec-ft., and regulating the discharge the Colorado River proper 
sec-ft. will result times increasing its flow during the winter 
months when floods may expected from the Gila, and, this manner, 
greatly increase flood danger between Yuma and the Gulf. 
irrigation supply for lands below the Grand Canyon will ultimately 
insufficient even with the tremendous storage proposed; and, for all lands 
the basin irrigated until 1940, 300 000 acre-ft. storage will suffice. 
large block power made available immediately the comple- 


Cons. Engr., San Francisco, Calif. 
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tion the dam cannot readily absorbed the prospective market, and 
there will be, therefore, serious accumulation interest charges the 
unproductive part the investment. 

4.—The construction the Project will result the permanent loss 
300 000 h.p. and irrigation supply sufficient for acres. 

The radical difference these two sets conclusions due primarily 
the differences the plan development proposed the Boulder Canyon 
Project and Colonel Kelly, and, secondarily, the author’s reduced esti- 
mate available water supply. 

regards the difference plan: The Boulder Canyon Project qualifies 
desirable under the Reclamation Act, and actually covered Special 
Act, but does not qualify under the Federal Power Act. Colonel Kelly’s plan, 
however, will qualify every particular under the Power Act giving the 
maximum beneficial development the entire river. 

The Federal Water Power Act was passed Congress July 10, 1920, 
after nearly ten years debate. permitted function properly, 


should prove the long run most valuable piece legislation. far 


more than the mere “Water Power Act” its name would imply, for was 
drafted accomplish the well-ordered development rivers, not only for 
power, but for the joint maximum benefit from irrigation, power, flood control, 
and navigation. One its many requirements that any project adopted 
shall such will best adapted comprehensive scheme improve- 
ment and utilization stream for the purpose navigation, water-power 
development, and other beneficial uses (including, course, irrigation and 
flood control). provides further that, necessary order secure these 
results, the Federal Power Commission shall have authority require the 
modification any project. 

Certain other provisions the Federal Water Power Act have direct bear- 
ing the question State municipal versus public utility ownership—the 
issue that being fought out the Colorado. These provisions are: 

licenses under the Act are not given perpetuity, but have 
limited term. 

2.—That the Act gives preference municipalities, provided their plans 
are equally adapted the best ultimate development stream. 

adequate rentals are charged for developments made 
individuals, public utilities, States and municipalities (when operated 
for profit), and part the Government rentals are returned the 
State States within which the power development located. 


All these items bear directly the “public versus corporate ownership” 
phase the controversy and show that the Special Act confers only one im- 
portant “benefit” not included the Federal Water Power Act, namely, 
initial appropriation from the United States Treasury. More- 
over, there nothing the Act which prevents the Federal Power Commis- 
sion from including, part the terms any license, the so-called “Colo- 
rado River Compact” any part thereof. 
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hoped that, after long years discussion, having passed com- 
prehensive Act, Congress will allow function properly and will not ham- 
per its operation passing special legislation affecting the Colorado, well 
other important streams such the Columbia, St. Lawrence, and Ten- 
nessee Rivers, all which fall the same general class. 

The inadvisability special Federal legislation for situation better 
covered general legislation only the first objection the proposed Act; 
the second that the financial plan not sound. 

was originally proposed that preliminary expenses connection with 
the Boulder Canyon Dam “charged basis 85% against interests 
that might consume power for power purposes; 10% against flood control; 
and against irrigation.” This distribution was made arbitrarily, but its 
general theory was correct. Later, was recommended not only possible, 
but desirable, that the expense the dam itself carried entirely the 
power interests—a proposal that naturally received more hearty popular sup- 
port than the former, but was means sound economically. other 
parts California land being irrigated, drained, and protected from floods 
basis requiring payment proportion the benefits received. This 
principle sound, and follows logically that the lands the Colorado 
should also pay proportion the benefits received from the storage 
water. The same careful methods could used assessing such benefits 
are now being used the California Reclamation Board the Sacramento 
and San Joaquin Drainage District. The various users the stream would 
then shouldering their own burdens. 

Under the present Boulder Canyon plan, the power users are expected 
pay the entire cost, and although reasonably certain that they can, there 
are grave doubts whether they should required so. 

“The cities and irrigation districts Southern California” were referred 
the original Boulder Canyon the most important market for 
Boulder Canyon power. the other possible outlets for power listed therein, 
the most important and readily accessible appear the mining regions 
Arizona with the principal towns adjacent, and possible railway electrification 
the Santa Fé, Salt Lake, and Southern Pacific Railways. elec- 
trification is, however, entirely the future, and its extent dependent 
chiefly the policy the respective railroad companies. generally 
understood that the management the Santa System favor elec- 
trification the earliest possible moment, whereas the management the 
Southern distinctly all such The immediate 
market for any large amount power, therefore, reduced general uses 
Southern California and mining uses Arizona. 

Assuming that “the cities and irrigation districts Southern California” 
buy most the power, what will the proper charge? 

Why, for instance, should the irrigator the Riverside region the Lower 
San Joaquin Valley pay price for Colorado River power that will vouchsafe 
both flood protection and free irrigation supply his fellow irrigator who 


Senate Document No. 142, 19. 
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Districts 

Part the power will Arizona. Why should the ‘mining industry 
Arizona pay higher price order that the limited areas along the river 
may receive free flood protection and irrigation 

may argued that the development these lands will benefit 
the nation, but obvious that, under the existing owners these 
lands will reap the benefit—and the expense other parts the com- 
munity. 

Among the strongest engineering counts against the Boulder Canyon 
Project are: 


will curtail the ultimate development the stream. 

2.—That, until its large block power absorbed, will continue 
pile carrying charges. 

3.—That, after its power absorbed, the part the investment charge- 
able against regulative storage must duplicated expenditures for head- 
water storage unless the upper stream remain unregulated. Such dupli- 
would lead great economic loss. 


The best plan development any stream concentrate the regula- 
tive storage near the head-waters can made effective, except 
far this program has altered account local conditions. The 
burden proof squarely the shoulders any one who desires depart 
from this basic rule, and adequate justification has been made for the 
departure proposed the Colorado. 

Two very distinct flood control and storage problems are the 
Colorado: 

the high and long sustained floods resulting from melt- 
ing snows the basin above the San Juan, and the storage these waters 
for power and irrigation. 

2.—Control the high, but short torrential, floods originating the 
basins the San Juan, Little Colorado, Virgin River, and minor tributaries 
the plateau region. (The Gila excluded from this list below all 
proposed storage.) 

has been generally assumed certain former studies that large storage 
for flood control and irrigation combined must established the lowest 
possible site the Colorado order: (a) give protection from torrential 
floods the San Juan, Little Colorado, and Virgin Rivers; and (b) give 
closer regulation for irrigation than could secured from head-waters storage. 

Colonel Kelly’s demonstration that little gain can secured 
reducing flood flows below 75000 sec-ft. permits considerable reduction 
the flood-control storage needed the lower river; and installation head- 
water storage for control the main Colorado flood would permit ‘still further 
reduction the capacity the down-stream reservoir. 

the interesting flood records during September, 1923, 
appears that the flood danger torrential tributaries (other than the 
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Gila) has been greatly exaggerated. nearly can judged from com- 
bined stream-flow and rainfall records, appears that September and 
18, 1923, heavy precipitation occurred the head-waters the San Juan 
and over practically the entire basin Little Colorado River. Two flood 
peaks resulted, shown Fig. 20. These floods were measured river 
observations Goodridge. Utah, the San Juan River, and Lees Ferry, 
Bright Angel, Topock, and Yuma, Ariz., the Colorado. flood was 
recorded the stations above the San The flood from the San Juan 
reached peak Goodridge about September 19, and this peak travel- 
ing down stream reached Lees Ferry hours later, about 
September 20. Continuing down stream, caused secondary peak the 
Bright Angel Gauging Station flood already discharging from the Little 
Colorado. 


September 1923 
20. 


observations are available showing exactly when the flood from the 
Little Colorado reached the main stream, but its peak had traveled down the 
main river and had reached the Bright Angel Station September 19, 
M., hours before the peak the same station due the San Juan flood. 
The discharge the first peak Bright Angel was about 111500, and that 
the second, 101 000 sec-ft. 

The hydrograph Topock shows that the first peak arrived 
September 22, hours later than Bright Angel, and amounted only 
85000 reduction 25500 The second peak was reached 
September 22, hours after the second peak Bright Angel, 
and was 84000 sec-ft., 17000 sec-ft. less than the upper station. The 
records both these stations were for fractional parts day. 

The record for Yuma based daily averages, but the two peaks had 
probably flattened into one general rise, reaching maximum discharge 
about September 24, hours later than the first peak Topock. 
The Yuma record must corrected for diversions Laguna Dam and for 
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inflow the Gila,* but happened that the peak day these two discharges 
practically balanced. probable, therefore, that the Yuma peak did not 
exceed 60000 sec-ft. any event, 25000 sec-ft. less than Topock. 
appears, therefore, that with regulation whatever flood flow 
Bright Angel was cut sec-ft. the time reached Topock, 
and 51500 sec-ft. the time reached Yuma. 

Considering the great distance between the junctions the San Juan, 
Little Colorado, Virgin, and Gila, and also the great difference topographic 
conditions and elevations the basins these tributaries, and the different 
seasons the year during which they are normally subject floods, 
difficult conceive any combination circumstances that would pro- 
duce flood from the upper tributaries reaching Yuma the same time 
extensive flood from the Gila. 

would seem justifiable, therefore, reduce the storage capacity the 
flood reservoir the lower river minimum far below that generally 
advocated date, and secure corresponding control the head-waters. 
Even with this reduction, when working conjunction with head-water 
storage, the reservoir would certainly supply sufficient local irrigation regu- 
lation and water for all projects likely completed the immediate 
future. 

Arguments have been advanced behalf the Boulder Canyon location 
which are really (especially when taken together) strong arguments against 
and favor head-water regulation. For instance, the first report 
the Project, was stated that “any large reservoir the Colorado must 
depend for its financial feasibility upon the availability adequate market 
for not less than h.p. electrical energy within economic transmission 
distance.” The logical conclusion that large storage Boulder Canyon 
will absorb the ready market for power, and that all down-stream needs 
will safeguarded, adequate regulation the middle and upper river will 
delayed until the dim and distant future. 

the same report the relative advantages great reservoir and power 
plants Boulder Canyon against Glen Canyon were carefully compared, 
and the Glen Canyon Project was condemned account its remoteness 
from the market, well for its less effective control the flood and irriga- 
tion supply. adequate program was advanced, however, for up-stream 
regulative storage operated conjunction with down-stream power develop- 
ment and minor re-regulation. 

This plan now advanced the author, who has shown clearly that 
will furnish flood control and irrigation supply for the same area the 
Boulder Canyon Project, and that will furnish regulated power discharge 


The mean daily discharges the Gila and the diversions Laguna Dam, September 
25, 1923, were, follows: 
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through three times much river descent. will also reduce the hazard 
and cost construction the five more dams necessary develop the 
fall the Canyon Section the river—this last advantage small item 
its favor. Under his plan, head-water storage and power development 
the middle and lower stream can proceed gradually conditions demand, 
the first step being only that necessary give, conjunction with minor 
storage the lower river, the necessary flood-control and irrigation supply. 

The functions the lowest reservoir may merely supplementary 
the majer storage the head-waters, and its size, therefore, should kept 
minimum, otherwise the investment will great that the reservoir 
must operated independently the head-water regulation, which case, 
instead adding to, will detract from, the flexibility the entire system. 

Eliminating the Glen Canyon Project from consideration for the present 
means exhausts the possibilities head-water storage. Flaming Gorge, 
Dewey, and Juniper Reservoir sites offer excellent opportunities. Their com- 
bined storage capacity would acre-ft., the average annual run-off 
past the dam sites, 300 000 acre-ft., and their total cost, The 
prospects are good for the early development Flaming Gorge without cost 
the Government. The Dewey site could developed the Government, 
other agencies, estimated cost and would serve 
for power regulation throughout the Canyon and for control floods from 
the Grand River. The development the Juniper site for combined irriga- 
tion, power, and flood control, might made later date. 

The possibility storage the Mohave site comparatively new but 
important factor the Colorado River problem. The Boulder Canyon site 
was formerly believed the lowest point the river where large storage 
could obtained, and this was properly advanced particularly desirable 
feature both because gave additional flood protection and made possible 
closer regulation and avoidance waste the irrigation supply. now 
found that the original information was not complete, that there ample 
storage the Mohave site, providing the foundation conditions are satis- 
factory. must admitted that any advantages position claimed for 
the Boulder site will apply with much greater force for the Mohave site. The 
Mohave site 120 miles nearer the principal irrigation diversion, and its 
construction, according the plans proposed Colonel Kelly, will eliminate 
the necessity constructing re-regulating reservoir Bullshead. will 
flood certain railway improvements, but, even allowing compensation for these, 
attractive financially. will also flood certain irrigable lands, but these 
too are covered the estimated damages, and, the water supply now 
shown inadequate for the full development all available acreage, the 
elimination this small portion will not result ultimate 
reduction the total area served. 

The importance securing more detailed information the Colorado, 
before adopting final program development, has recently been recognized 
and emphasized plank the Republican platform. hoped 
that early date funds will provided, the investigations completed, and 
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the development the stream started comprehensive plan under 
Federal Water Power Act. 


the Colorado River during the past fourteen years, and his publication 
considerable engineering data the subject, the speaker especially inter. 
ested all papers which deal with plan development for this great 
river system. The author has analyzed the engineering data resulting from 
recent investigations the river without fear favor. His conclusions 
regarding plan development appear sound. his discussion, the speaker 
will deal only with the physical facts they relate the various plans 
development, and will not express opinions the agency which 
develop the water-power resources the river. 

During the past thirty-four years, engineers the Department 
the Interior have been investigating the water resources the 
River Basin. Including its work the Grand Canyon the fall 1923, 
Geological Survey has mapped 800 miles the river and its tributaries, 
All known dam sites the main river, between Wyoming and Mexico, have 
been surveyed. Investigations made both the Geological Survey and the 
Bureau Reclamation, show that with complete development, nearly 
000 000 acres land can reclaimed the American part the 
and about 000 000 h.p. can developed. 

also well known that property the Lower Basin, valued more 
than $100 000 000, menaced the annual floods the Colorado 
Practically every one agrees that the flood menace should removed 
providing storage somewhere the lower river. report that being pre 
pared the Geological Survey, which should available the public 
during the winter 1924, will show the relative value all dam sites 
the lower river, their relation each other, and the full utilization the 
water resources. 

Some fundamental facts should recognized all. The resources the 
Colorado River are not unlimited. When its millions horse-power have 
been developed, the end water-power production the southwestern part 
the United States will have been reached. All the water resources the 
Basin will required for the irrigable lands within, adjacent to, the Basin 
the United States. these resources are developed without waste, 
necessary that comprehensive plan made and agreed before con- 
struction work started. 

explained the author, the Boulder Canyon Project does not conform 
unit the full development the river. This not surprising, for 
this project was selected and approved before field investigations were made 
determine the proper plan development. However, the Boulder Dam 
has not been built, and not too late prepare comprehensive plan for 
the development the river, with the idea that the first dam built will 
properly located. 


Hydr. Engr., Geological Survey, Pasadena, 
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his study the subject the speaker has reached the following conclu- 
sions 

1—As shown the paper, the water supply the Colorado River and 
its tributaries not sufficient irrigate the lands susceptible irrigation 
lying adjacent the Basin the United States and Mexico. 

2.—There are round numbers, 000 acres land Mexico, which 
may irrigated with the waters the Colorado River. these lands are 
irrigated, will necessary dedicate the desert forever about 000 
acres irrigable land the United States. 

3.—Any development the river that will increase the low-water flow 
before such increase can used the United States, will enlarge the irri- 
gated area Mexico. 

the Boulder Dam built planned, and 600 000 h.p. developed 
the dam, the low-water flow will increased far excess the quantity 
that can used for irrigation the United States for many years come. 
Long before this time, will have been put beneficial use approximately 
1000 000 acres land Mexico. Although physically possible for this 
water diverted later date the United States, not conceivable 
that this Government would dry acres land Mexico without 

first entering into negotiations with the Mexican Government. The time 
deal with Mexico before and not after its lands have been placed under 
irrigation, before and not after large dam built this country, which 
will result the irrigation such large acreage Mexico. 
5.—In the distant future may desirable obtain from the Colorado 
River domestic water supply for the Coast cities Southern California. 
There excellent dam site the Lower Grand Canyon which could 
used point diversion for gravity system. Although long tunnel 
would required, such system might the most economical. The plan 
for gravity system should not rejected engineers who never have seen 
the dam site. The plan now being advocated calls for pump lift 1200 
which requires the use 200000 With the Boulder Dam Project 
preventing the development 300000 h.p. (according the author), and 
the water supply project forever dedicating 200000 h.p. pumping, 
must apparent that these plans should carefully studied before any 
Money made available for construction purposes. 
urgent need for flood control, and this problem should 
solved quickly possible. For more than year the speaker has recom- 
mended that thorough investigation made the Mohave flood-control 
reservoir site. result his preliminary studies, has reached the fol- 
lowing conclusions regarding this site: 
(a) the lowest known site the river where adequate storage 

capacity can obtained for flood control. 
(b) would surely form unit comprehensive plan for the devel- 
opment the whole river. 

(c) would probably cost less than any other storage site equal 
capacity the river. 
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Pap 


would not destroy other valuable dam sites. The Boulder 
built planned, would destroy certain dam sites the Lower 
Grand Canyon, and prevent the full development the water re- 
sources this section the river. 

(e) For the same storage capacity, dam Mohave Canyon would have 

about one-tenth the volume masonry dam Boulder Canyon. 

(f) The Mohave Canyon site accessible, being only miles from the 
railroad. 

(g) Considerable quantities sand and gravel, suitable for concrete, 
are available close hand, and the granite the abutment walls 
will provide excellent material for crushed rock. 

(h) The depth bed-rock probably not great; the center pier the 
Atchison, Topeka and Santa Railway Bridge, miles above the 
dam site, resting bed-rock ft. below the water surface. 

With the flood problem solved dam Mohave Canyon, there 
will ample time for studying the river and necessity for pro- 


the 
yie 


ceeding except conformity with its orderly economic development. 

The speaker would make the following recommendations: 

thorough investigation should made the Mohave Canyon flood- 
control reservoir site, including detailed surveys and diamond-drill berings. 
suitable foundation developed, flood-control dam should built 
this site and operated such manner prevent any increase the 
irrigated area Mexico. suc 

2.—While investigations are being made the Mohave Canyon flood- 

control site, and during the construction flood-control dam, negotiations 
should carried with the Mexican Government with the idea definitely 
fixing the quantity water which allotted the lands Mexico. 
3.—Prior definite settlement with the Mexican Government, would ser 
not good business permit the construction power dam the Colo- 
rado River, which would increase the low-water flow the river excess 
the quantity necessary supply the land now under irrigation. 
4.—While the flood-control dam being built, and negotiations are being 
carried with Mexico, the investigation the Colorado River Basin should 
continued, with the idea evolving comprehensive plan for the 
opment this river. 
5.—If the resources this great river system are developed 
orderly manner, comprehensive plan development must made and 
agreed the Interior Department, the War Department, and the Federal 
Power Commission. Each development the river should unit this 
plan. 

Davis,* Past-Presment, Am. Soc. E.—In this interesting 
paper the author presents some pertinent facts, and reaches important and 
far-reaching conclusions, some which, carried out, would result the 
unnecessary destruction large natural resources land, water, and power. 


Engr. and Gen. East Bay Municipal Utility Dist., Oakland, Calif. 
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For this reason the speaker feels compelled dissent from these conclusions 
and give his reasons therefor. 


The speaker accord with several the author’s maxims, follows: 


1—No complete and inexorable plans for the development the Colorado 
River should adopted until more known about the river, and the require- 
ments the future. 

unnecessary evaporation should involved. 

power head should sacrified unnecessarily. 

4.—Agriculture should given preference over power uses. 


have 
the 


walls 


The plan proposed the author violates all these maxims. 

Importance most outstanding and important feature 
the Colorado River the great fluctuation its flow. The low-water years 
yield less than acre-ft. below the canyons, and the high-water years 
yield about three times this quantity. The seasonal fluctuations are still more 
striking; autumn flows 4000 sec-ft. and less are common, and the high- 
water peak often reaches 150 000 and sometimes exceeds 200 000 sec-ft. 

The low-water flow already appropriated and used irrigation, and 
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flood- unusually dry season produces shortage. Without regulation, the stream will 
rings. produce only about 25% much primary power with proper regulation, 
ilt and the effect storage irrigation similarly important. 

the 


addition, the great volume and long duration the spring floods are 
such constitute annual menace all the valleys the lower river, 
especially the Imperial Valley, which, entirely submerged, would 
permanently destroyed, largely below sea level. 

These conditions make indispensable large volume storage capacity 
which fortunately Nature has made possible and feasible, with proper con- 
servation and utilization. This, however, not all. 

Heavy Silt sends down the river annual average 
about 100 000 acre-ft. silt, which will fill that amount any reservoir built 
within below the canyon region. This silt clogs the channel, obstructs irri- 
gation canals, and adds greatly the flood menace and the cost irrigation 
operations. makes the river unfit for municipal uses, for which will 
required extensively the near future; all these conditions will remedied 
storage, the silt will settle the reservoirs, and the desilting the 
river one the major requirements changing from menace 
valuable asset. The average annual volume this silt, however, 160 000 000 
cu. yd.—a greater amount than the total excavation performed the Isthmian 
Canal Commission digging the Panama Canal. 

Desilting the river settlement reservoirs, fills those reservoirs the 
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extent the volume the silt deposited. Obviously, the time will come 
when all the reservoir space will occupied silt, unless some means 
temoval applied. Any known method accomplishing this troublesome 
and expensive—many times expensive constructing additional reservoir 


capacity, long other good reservoir sites are available. thus becomes 
hecessary conserve reservoir space the greatest practicable extent. 
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The amount storage necessary equalize the flow the river through 
all the years would enormous, and hardly practicable. just what extent 
may pay hold the water extraordinary floods for use dry years 
question about which the best engineers may differ, but all will agree that 
hold-over storage large extent necessary the river properly 
used. necessary retain large amount this storage the Lower 
Basin, where most the flow can intercepted, order desilt the river 
and control and utilize the floods the lower tributaries. 

Herman Stabler, Am. E., estimates the storage capacity neces- 
sary maintain reasonable uniform annual flow between 10000000 and 
000 000 acre-ft. The Geological Survey places 000 000 acre-ft.,* 
which latter figure may used for present purposes. this must added 
large quantity for flood control, and another for the storage silt, prolong 
the usefulness the reservoir. the very least, 000 000 neces- 
sary solve the problems presented. much greater quantity would 
useful saving the water abundant years, but is, perhaps, not justified 
present. 

Storage Upper author states that the reservoirs above the 
canyon region should used regulate the river for use below. This 
impossible, because they have not sufficient capacity, and are situated that 
they intercept only part the flow, leaving large area water-shed unreg- 
ulated. 

The Ouray site, the largest those listed the paper, should eliminated, 
the Secretary the Interior has promised writing dedicate this site 
the construction railroad when required. The Kremmling site already 
has railroad through it. This leaves the principal known feasible sites 
the Upper Basin, those given Table 26. 


Capacity. Average 
run-off, 
acre-feet. 


These reservoirs aggregate insufficient capacity and would relatively 
inefficient two them, put use, would seldom fill for lack water, 
and third too small control the drainage into it. Far more important, 
however, the fact that these reservoir sites are needed for local use, for which 
they would not available operated accommodate the needs the Lower 
Basin. This program would economic blunder the first magnitude. 

Their use for the needs the Upper Basin may incidental benefit 
the Lower Basin, but dedicate them the needs the Lower Basin would 


Water Supply Paper No. 395, Geological Survey. 
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the height proposed, the Mohave Reservoir 100 miles farther south, 500 ft. 
lower altitude, much shallower, will become more heated, and 
open plain, where the winds would have freer sweep than Boulder Canyon. 
All these factors would have tendency increase the relative evaporation 
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destroy their local usefulness, and could justified only part, even storage 
opportunities were not available the Lower Basin; but this not the case. 


The opportunity for storage the Lower Basin much larger, cheaper, and 
more efficient than the Upper Basin. Boulder Canyon Reservoir can 
built capacity five times great all the reservoirs noted Table 
combined, and much less cost per acre-foot. desired can built 
size, much less unit cost than the upper reservoirs and, later, can 
enlarged when the encroachment silt deposits makes necessary. 
Evaporation Should author objects Boulder Can- 
yon large reservoir, because alleged excessive evaporation. Curiously 
enough proposes substitute the Mohave Reservoir which has much larger 
area per unit storage exposed evaporation. 
The author’s curves show the comparison given Table 


TABLE 27.—Comparison AND RESERVOIRS 
FoR CAPACITIES. 


Acres. 
Capacity, acre-feet. 


Mohave. Boulder. 


000 000 112 000 000 
000 000 136 000 000 


addition having area about 60% greater for given capacity, for 


Mohave; thus, for given capacity, Mohave would probably have more than 
75% more evaporation than Boulder Canyon Reservoir, devoted similar 
uses. this new favorite cannot qualify the score economy 
water. 

Colonel Kelly seeks justify this waste, claiming very large evapora- 
tion from the Mohave Valley its present state. true that this valley 
now overflows, and, course, experiences evaporation losses proportion 


the overflowed area; but reclaimed, should be, the water applied 
would usefully consumed irrigation, and not wasted like that evaporated 
reservoir. Water evaporated from Mohave Reservoir truly wasted 
lost from any other reservoir the Basin, and such evaporation much 
greater proportion storage capacity than from any other proposed reser- 


voir the entire Basin, account its relatively broad, shallow character. 
far loss water concerned, far the poorest site 

The author charges that the height dam proposed the Reclamation 
Service—605 make impossible the development 80-ft. fall 
between its back-water and Diamond Creek. This not the case, for the dam 
Boulder Canyon might built ft. higher whenever the additional 
capacity needed the future. This would have the merit concentrating 
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the power development one plant instead two, and save 100 miles 
transmission line the Coast. This height dam, backing the water 
Diamond Creek, one the alternatives presented the Reclamation 
ice. this fallacious claim, the author has based most his condemnation 
the proposal the Reclamation Service. 

The fact is, the Reclamation Service presented five alternative heights 
dam, one which nearly that which the speaker prefers, 570 ft., backing 
water the dam site Bridge Canyon and creating capacity about 
500 000 acre-ft.; would cost about $43 000 000, and develop nearly 600 000 
continuous h.p., two-thirds load factor. Marketed mills 
per kw., would amortize the investment about years, meanwhile taking 
flood control and irrigation. 

The author states that the water supply the Colorado insufficient 
irrigate the land available for irrigation, yet objects large reservoir 
capacity the ground that would waste water evaporation, and insists 
providing for passing the surplus the rate cu. ft. per rather 
than storing and using for power and irrigation. 

should emphasized that dam the height here proposed will 
develop power lower unit cost than any dam less elevation, that the 
additional storage for irrigation and the additional security against floods cost 
nothing. certainly better hold the floods storage, even part the 
water does evaporate, than let them run the sea, and fight them route 
demanded Colonel Kelly. 

Power the market for power, the author says: “It 
not extravagant conclude that all the power the Canyon Section the 
Colorado may absorbed the next years.” This higher rate 
demand than was assumed the estimates the Reclamation Service, but 
evidently justified. 

The Southern California Edison Company has repeatedly expressed willing- 
ness expend from 000 per year develop power 
the Canyon given the privileges. 

The City Los Angeles offers take all the power allocated from 
the Boulder Canyon Dam after States and other municipalities are satisfied, 
and the electors recently voted large majority authorize the City 
negotiate such contract. The city certainly responsible cus- 
tomer, and this evidence there need doubt that ready market 
will found for the power. 

the storage capacity allocated flood control too great, implied 
the author, part can used for power head and part for storage, 
and the duty and consequent revenues the reservoir increased. 

Mohave Reservoir Wasteful and alternative reservoir 
strongly advocated the author Mohave Canyon. Not only the 
Mohave Reservoir extremely wasteful water evaporation, but will require 
the removal about miles double track the main line the Santa 
Railroad, increase its length about miles, destroy the great bridge 
Topock, submerge the large railroad hotel, roundhouse, machine-shops, icing 
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plant, miles yard tracks, and the entire City Needles. will also 
require the reconstruction part the Santa Trail Highway. These 
damages have been included the estimate, and the cost will about 
much the dam itself. There not included, however, the important fact 
that this reservoir would also submerge the whole Mohave Valley containing 
nearly 30000 acres rich, irrigable bottom-land for which there ample 
water supply when storage provided, and that this water cannot used 
elsewhere except Mexico, because the regulated water supply ample for all 


lands feasible irrigation the United States, including the Mohave Valley 


lands. 

Nature has provided two feasible dam sites that will utilize all the head 
available here, without submerging the Mohave Valley. One these sites 
above, Bulls Head, and one below, near the mouth Williams River. The 
latter necessary for high diversion dam for the Parker-Gila Valley Project, 
the construction which the author assumes. would built the greatest 
height possible without damage the City Needles, about 100 ft. The 
proposed dam Mohave Canyon would conflict with this, and would also 
submerge the dam site Bulls Head, just above the Mohave Valley. would 
leave undeveloped ft. power head below Boulder Canyon, which would 
thus lost. 

The dam site the Mohave Canyon was examined twenty years ago and 
intervals since various engineers, including William Mulholland and 
Lippincott, Members, Am. E., and account the destruction 
land, water, and other property, was unanimously regarded infeasible, 
and for this reason, its foundations were not explored. Any money spent 
thereon would wasted for reasons already given. was never seriously 
advocated until became necessary kill the proposal build 
Boulder Canyon and develop enough power repay the cost. This emphasizes 
the real point issue, that is, whether the immense resources the Lower 
Colorado are retained the control the Federal Government turned 
over private corporations. This question which engineers and others 
may honestly differ, and which the speaker will not discuss. should con- 
sidered its merits, and not combatted indirectly the great sacrifice the 
natural resources land and water. 

Wanton Destruction Valuable the most destructive 
feature the author’s plan, the proposed building high dam Devils 
Slide, thus restricting the height the Boulder Dam 387 ft., and its storage 
capacity about acre-ft. Such reservoir would rapidly fill with 
sediment, and thus destroyed much earlier necessary. 

has been shown that large storage capacity necessary convert the 
Colorado River from destructive torrent into source vast wealth, and 
that this storage will steadily destroyed silting. Yet, here proposal 
build high dam the middle the best reservoir site the Basin, and 
thus wantonly destroy its value. idle reply that other reservoirs can 
provided above, because these are limited capacity, and, therefore, 
limited life; moreover, they not intercept all the water nor all the silt. 


1476 DISCUSSION THE COLORADO RIVER PROBLEM [Papers. 


Proper Plan Development.—The plan development proposed herein 
shown Fig. compared with that proposed the author 
Fig. 
ARIZ.-CALIF. ARIZONA-NEVADA ARIZONA 
BOUNDARY BOUNDARY 
W 
550 600 650 
Distance Miles from Gulf California 
ARIZONA-NEVADA ARIZONA 
BOUNDARY BOUNDARY 


1000 


Cottonwood Island 


Williams River 


PROFILE LOWER 
COLORADO RIVER 
KELLY PLAN 


350 400 450 500 550 
Distance Miles from Gulf California 


21. 


The speaker’s plan would build the Boulder Dam height sufficient 
back water the dam site Bridge Canyon. This dam would impound 
about 500000 acre-ft. water, control floods more perfectly than any 
and develop power more cheaply than any smaller dam, 
sufficient quantity repay its cost with interest. 

Next, the Parker site should improved serve diversion dam for 
irrigation and municipal supply. With complete regulation Boulder Canyon 
will good power site. 

dam Bulls Head will back the water the base Boulder Dam, and 
with the regulation that dam, will constitute good power site, This leaves 


od 
Water Surface elevations 
low wate 
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three alternatives for the development the power head above Boulder Can- 
yon, between Bridge Canyon and the National Park Boundary, follows: 

that future day decided that more storage necessary, the 
Boulder Dam can raised 120 feet, its gross capacity increased 000 000 
acre-ft., less the accumulated silt, and the water backed Diamond Creek, 
where dam would built back-water the National Park. 

then definitely decided that more storage will ever needed 
dam can built Bridge Canyon back water the Park Boundary. 

the decision that additional storage may needed some day, the 
dam Diamond Creek built, and the space between this and Boulder 
Reservoir can left open for still further consideration, that is, whether 
build Boulder Dam higher, build dam 128 ft. high Bridge Canyon. 

any event, the construction the dam Devils Slide, proposed, 
would serious economic blunder, would destroy the best reservoir site 
the Basin, and seriously limit the usefulness the river. 

The plan proposed herein would utilize every foot head between Parker 
and the National Park, except ft. the Mohave Valley, which would thus 
preserved for agriculture, complying with the fourth maxim mentioned 
previously, the preference given agriculture over power. 

complies with the first maxim, leaving several alternatives open for 
decision the light future information. likewise complies with the 
other maxims. Contrasted with this, the scheme issue corporate licenses 
for Diamond Creek, Devils Slide, and Boulder Canyon, and build Govern- 
ment dam Mohave Canyon, proposed the author, and shown Fig. 
21(b) for comparison. The two plans would have the results given Table 28. 


TABLE 28.—Comparison 


Head, feet. Surface area, acres. Capacity, acre-feet. 


Davis’ PLAN. 


PLAN. 


will noted that the plan here proposed develops ft. more head, 
and uses this head far more efficiently than the author’s plan because its regu- 


pers. 
rein 
Site. 
100 000 900 000 
Bulls 150 000 600 000 
Bridge 570 000 000 000 
180 130 000 000 000 
387 000 000 000 
Devils 298 000 400 000 
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lation both greater and higher the stream. Its power output would 
greater several hundred thousand horse-power. 

The evaporation surface the latter plan would greater about 22%, 
but owing differing conditions already enumerated, the evaporation would 
only slightly greater and the storage afforded would acre-ft. 
greater, and would endure more than 100 years longer. does not submerge 
Mohave Valley, proposed the author’s plan. every respect, therefore, 
better. 

further comparison may made omitting the dam near Williams 
from Table 28. This produces the exhibit shown Table 29. 


TABLE 29.—Comparison OMITTED. 


Surface area Capacity, 


810 220 000 800 000 


this comparison over the same stretch the river, the author’s plan 
develops about 14% more head, but owing better regulation, higher the 
stream, the speaker’s plan would develop far more power. The latter would 
expose 000 less acres evaporation, region where the rate evapora- 
tion would less, and afford more than 7000000 additional acre-feet 
storage capacity, and, hence, would last years longer; and would not sub- 
merge the fertile Mohave Valley. clear, therefore, that the plan proposed 
the author does not conform the best development the river and that 
violates each the maxims enunciated. 

For irrigation and flood control, the Mohave site has advantages over the 
Boulder site, there are tributary streams between, but the Boulder Reser- 
voir would protect the Mohave Valley from floods, provide with irrigation 
storage, and facilitate its reclamation, while dam Mohave Canyon would 
submerge and destroy that valley forever. 

Storage Boulder Reservoir would beneficial for power development 
Boulder Canyon, Bulls Head, and Williams, total fall 820 ft., while that 
Mohave could benefit for power except its own site, which 
unfavorable that none the power companies has applied for it. Storage 
Mohave, therefore, would require duplication somewhere above, for power 
development. 

Poor Rock Glen author expresses disagreement with the 
Consulting Board that examined the dam site above Lees Ferry Glen 
Canyon and advised limiting the pressure the rock tons per sq. ft. 
account its soft, friable character. 

This Board included four experienced engineers all whom have borne the 
responsibilities designing and building some the world’s greatest dams, 
including the Don Pedro, Arrowrock, and Roosevelt Dams, and eminent 
geologist, who made very careful examination the site and the material. 


the 
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seems rather bold for one who has made such examination overrule 
them summarily the strength three samples drill cores. Any one 
experienced diamond drilling knows the persistent the core 
fragments grind each other powder the rapidly revolving core-barrel, 
that the soft parts are washed out and only the hardest survive. great 
this tendency, that the recovery 100% core even the hardest rock 

The rock Glen Canyon soft that difficult break off 
sample without crushing it; and such sample carried one’s luggage for 
few days apt yield more fine sand than rock. The caution the Con- 
sulting Board was clearly well founded. 

Increase Low-Water Flow.—The author opposes the increase the low- 
water flow the Colorado. says: 

“The Boulder Project would provide water the Lower Basin all seasons 
far excess present irrigation requirements. This water will pass into 
Mexico and there used for irrigation. Once used, its withdrawal for use 
the United States will difficult not impossible.” 

The opposition development entirely unfounded. The proponents 
the Boulder Project suggested the insertion clause the bill reserving 
the benefits storage the United States. Legally and morally such 
reservation not necessary, but would good policy. Having provided the 
storage facilities, the United States would have both legal and moral rights 
its benefits. The American lands being higher the stream, these rights 
are easy enforcement. 

the other hand, the regulated water being subject appropriation 
American lands would facilitate development Arizona and California, and 
the feasible irrigation projects those States would just about absorb those 
waters they come from the power plants. irrigate additional lands, 
those Mexico, would necessary re-regulate the waters, which would 
entirely the hands the American authorities. 

Time author states that flood control can obtained 
more quickly dam Mohave Canyon, than one Boulder Canyon, 
and compares the estimated time constructing large reservoir Boulder 
Canyon with much smaller one Mohave Canyon. The investigations 
Boulder Canyon have occupied nearly three years, and Colonel Kelly states 
that they are not sufficient. investigations Mohave Canyon have been 
made, and after these are completed, would necessary take negotia- 
tions with the railroad and hotel companies and hundreds property owners 
for the removal the railroad and the City Needles. Such measures 
afford endless opportunity for delay whether carried out under private negotia- 
tion condemnation proceedings. 

such difficulties are found Boulder Canyon, and believed that 
reservoir any given capacity can built there more quickly than any- 
where else, all reasonable precautions are observed. 

The Upper Basin’s Interest Boulder Canyon.—Four times 
years, beginning 1915, the irrigators Imperial Valley have required and 
have taken from the Colorado River all the water flowing therein; each time 
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was less than the actual needs and shortage occurred. development 
progresses, this condition will more frequent and intense, and with 
present development, another series low-water years should happen, such 
occurred before and after 1902, the water shortage would prolonged and 
disastrous. 

Under the principles the Supreme Court decision the Wyoming-Colo- 
rado Case, the farmers Imperial Valley would have the right cause 
closed during the period shortage the head-gates all canals above them, 
that are junior their appropriations 1900 and earlier. This would include 
all three the Government projects the Upper Basin, two Colorado and 
one Utah, and many private enterprises well which have hard enough 
struggle without adding water shortage and litigation. 

The irrigators the Lower Basin not desire litigation, shown 
their avoidance during the past shortages. large reservoir built 
and the water regulated, there will plenty water for them there will 
litigation. The representative from Imperial Valley has testified that 
the District willing yield all claim the low-water flow exchange for 
right the reservoir, and doubt the other irrigators served from the 
reservoir would the same. 

Without storage the Lower Basin, the junior rights the Upper Basin 
are continual jeopardy, and the situation must become more and more 
handicap the financing new irrigation enterprises the Upper Basin. 
large reservoir Boulder Canyon will correct all this, and make water rights 
above secure from molestation. small reservoir would not have this effect. 

The author proceeds throughout the paper the theory that reservoir 
of, say, 000 acre-ft. capacity, would efficient for flood control 
equal capacity the top reservoir six eight times large. This 
not the case. 

vided regulate the river, would, constant use and discharge the 
stored waters, enter the flood season with its storage depleted extent 
exceeding 000 000 acre-ft., and any capacity held especially for flood 
would added this. Therefore, the available storage for controlling floods 
would several times the total capacity the small reservoir proposed the 
author, and its efficiency correspondingly multiplied. 

such magnitude that the stream would equalized through series years 
discharge about cu. ft. per used for the development 
power some other beneficial purpose. Although such complete control might 
not justified, any large reservoir approaching capacity 30000000 
acre-ft., would approximate this result, and assure beginning the flood season 
April with more than 10000 000 acre-ft. available space the top the 

reservoir receive and regulate the summer floods. Any surplus received 
could discharged during the flood season soon after and not 
February, alleged the author. 

Colonel Kelly ignores the great fundamental fact that the reser- 
voir provided, the more complete will the control floods and the more. 
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water will available for power and irrigation; and the larger the reservoir, 
000 000 acre-ft., the cheaper the unit cost power developed, that 
the added value for other purposes costs nothing. 

also ignores the fundamental fact that deep reservoir given 
capacity with moderate surface area will lose less water evaporation 
and furnish more head for power than broad shallow reservoir, which 
although might require only small amount masonry for its dam, 
requires vast outlay for damages cities, railroads, and other property, 
and costs about the same per acre-foot stored, besides destroying great allu- 
vial valley susceptible high development. 

The author deserves thanks for the frank official declaration the settled 
policy the Federal Power Commission, his statement that: 

“All the development needed the Colorado will built private capi- 
tal under adequate Federal and State regulation the river given over 
development under the Federal Water Power Act.” 

This declaration the face the mandatory provision the law that 
the Commission shall give preference applications from 
such are file for the privileges the Colorado power sites. That this 
defiance law settled policy the Power Commission important 
considering legislation affecting not only the Colorado, but any other 
stream under its jurisdiction. 

the author really believes his statement that the Mohave good power 
site, and should the first development, why does not require the power 
companies begin their development building the Mohave Reservoir? 
None the power companies has applied for this privilege, and they would 
probably spurn it, the results would not pay for the damages caused rail- 
roads and other property. The mere mention such proposition should 
considered absurd, really is. 


Am. Soc. E.—The Colorado River presents 
one the nation’s largest and most pressing problems—a problem 
which, however, has its international aspects, which, through inaction the 
part the Federal Government, are annually growing more serious. 
Adviser the Secretary the Interior 1907, the speaker called attention 
the anomalous situation which had resulted from the operations the 
California Development Company, whose canal located part Mexico was 
supplying irrigation water from the Colorado River the lands Imperial 
Valley, California, and suggested plan procedure prepare the way for 
treatment the river problem which would advantageous 
both the United States and Mexico. Nothing came the suggestion, 
however. 

The problem cannot solved without giving consideration the fact that 
the Colorado international river. The interstate pact recently formu- 
Commission headed Herbert Hoover, Am. Soc. E., now 
all the interested States, except Arizona, will be, when consum- 
mated, only first step toward the solution this problem. 


*Cons. Engr. (C. Grunsky San Francisco, Calif, 
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State boundaries are considered and conflicting interests between 
upper and lower groups States are recognized, indicated the 
pending pact, then, too, the States within the two groups may well ask, 
does Arizona, “What will the situation years from now?” 
the States the upper group wants know what proportion the water 
which left the river for use the lower group States will 
expected furnish—just each the States the lower group may desire 
know the outset what proportion the water what proportion the 
power output will ultimately fall its share. 

not surprising, therefore, find Arizona with only limited area 
that can brought under canal reasonable cost, the attitude inquiry. 
There some basis for the fear, for example, that dam constructed 
near Boulder Canyon and power plant placed operation, the pre- 
dominating benefit will those regions where industries are already well 
established—that the southern part California will absorb undue propor- 
tion the energy made available, the cost Arizona’s future. similar 
fear expressed the matter the use water for irrigation. Who, there 
understanding this point advance, shall prevent the extension 
irrigation the most favorably located lands regardless State, even 
National, boundaries, thereby possibly depriving one State another oppor- 
tunities within its boundaries which, although perhaps not immediately attrac- 
tive, may yet equal greater value broad plan based the ulti- 
mate greatest good the greatest number. 

reasonable regulation the flow the Colorado River storage 
appears feasible except with the approval and under the control 
some higher authority than that the individual State. This principle has 
already been recognized the creation the Commission which formulated 
the interstate pact. The Federal Government the agency which, logically, 
should effect the regulation and apportion the output. possible alterna- 
tive, the suggestion Governor Scrugham, Nevada, address 
meeting the Pacific Coast Electrical Association, some months ago, de- 
serves consideration. suggested that interstate power and irrigation 
district formed plan and carry out the Colorado River project. those 
who are directly concerned prefer district Federal control, why should they 
not have it, provided, always, that the international phases the problem 
are not 

interstate district, however, any more than the United States, could not 
prevent development along lines least resistance, regardless State boun- 
daries, unless there some pre-arranged plan development, with power 
and water allotments adjusted some measure political sub-divisions. The 
time element should taken into account and the desirable ultimate condi- 
tions should forecast and carefully weighed. Although the ideal solution 
such problem that the Colorado River might ignore State boundaries, 
must submitted that their recognition may aid securing desirable 
widespread, rather than utilization both water and power. 

Mexico extensive areas have already been brought under irrigation with 
water from the Imperial Canal. There satisfaction the knowledge that 
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the water the Colorado River originates the United States and that were 
all retained and used within these borders, possible, the nation’s neighbor 
the south would have content with protest. This will never happen. 
Thus far, however, there has been limit set the quantity water which 
ultimately allowed flow into Mexico, and the irrigated area 
Mexico has been growing apace. this subject the United States Govern- 
ment was warned, already stated, 1907, time when Colorado River 
water was used Lower California less than 10000 acres. present, the 
irrigated area Lower California about 200000 acres. What shall the 
limit and what agency other than the United States can fix the 

There plenty land Mexico use the water—about 800000 acres 
the river delta and, the mesas Sonora, additional 500 000 acres 
more. The ultimate extent irrigation Mexico need not then regarded 
limited the physical features the country, but solely the quantity 
water temporarily and ultimately available. 

should noted this connection that the engineers the 
Reclamation Service, who have given much thought and study the Colo- 
rado River problems, report that, after all the lands each State the 
upper group that can supplied with water from the Colorado River rea- 
sonable cost have been brought under irrigation, there will still ample 
supply, not only meet the compact requirement the lower group States, 
but also for fair delivery water Mexico. 

Again, the Colorado River menaces certain areas the United States 
and other areas Mexico, whenever flood stages runs wild Mexico. 
The great menace the lands which lie below sea-level, partly Mexico, 
but mainly the United States. The places where this flood menace must 
fought are Mexico. sure the frequency floods can reduced 
materially, and channel deterioration silt deposits can materially de- 
creascd with such works the contemplated Boulder Reservoir, but occa- 
sional floods originate parts the river’s water-shed below Boulder Canyon, 
and even after the construction Boulder Reservoir its equivalent, these 
floods would still remain problem feature the river delta south the 
boundary. The fact should recalled, this connection, that the discharge 
the Gila alone may bring the Colorado River Yuma full flood stage 
did November, 1905, when the river broke from its channel and took 
course into Salton Basin. 

The flood control problem, therefore, involves not only the retention the 
flood waters the upper river reservoirs, but also proper treatment the 
lower river care for the high stages that will still occur occasionally after 
up-river reservoirs have been built. 

The United States should arrange all matters pertaining flood control, 
not only far the construction and operation storage reservoirs are 
concerned, whether these built interstate district, single State, 
group States, private corporation, the United States, but 
also the matter providing direct permanent channel for the Colorado 
River from the south boundary California the Gulf. 
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other words the United States must maintain itself position 
keep the flood menace for all time minimum and assure respect for 
interstate and international obligations. When the United States, however, 
either direct action through selected agencies, reduces the flood menace 
and conserves the waste water the river for use generating power and 
for irrigation, the resulting benefits, both this country and Mexico, should 
ascertained and the cost the works, better, the cost the service 
rendered, should charged some equitable manner those who use the 
output power and water and those who benefit the flood-control 
works. 

Surely there should difficulty reaching understanding this 
point with Mexico, neither should there any difficulty agreeing with 
Mexico the project for flood control within that country, nor yet the 


limit beyond which delivery Colorado River water Mexico cannot be, 
assured. 


like point out discrepancies data which, the paper, have been credited 
the Bureau Reclamation. For example, Table does not appear 
any report the Bureau Reclamation, far the writer can learn; the 


equivalent information appears report which made February, 
1924, given Table 30. 


TABLE AREAS AND WATER REQUIREMENTS. 


(Areas, Thousands Acres; Consumption Water, 
Thousand Acre-Feet.) 


IMMEDIATE DIsTANT 


Above Boulder..... 
Between Boulder 


and Laguna...... 120 166 498 141 216 937 469 696 
Below Laguna 

Total for United 


Grand total..... 816 


Not shown, Table shows only anticipated future present stream flow. 
200 000 acres not dependent Colorado River discharge not included. 


part Table 19§ designated “Reclamation Plan”, and contains its 
heading assumption up-river storage development, which, the writer’s 
knowledge, report made the Bureau Reclamation has ever embodied. 


Received the Secretary June 17, 1924, 

Proceedings, Am. Soc. E., August, 1924, 823. 


Area. Area. Area. Area. Area. |Water. 


for 
the 


this 
with 
the 


ould 
ited 

the 
ary, 


Papers. DISCUSSION THE COLORADO RIVER PROBLEM 1485 


Even this heading were changed, the data presented power head, 
evaporation, irrigation storage, and flood-control storage, not conform 
similar data presented that report covering development Elevation 250, 
which Table probably intended present. Further, this table contains 
reference the alternative plan presented the same time, contem- 
plating development the elevation the Bridge Canyon site. These dis- 
should borne mind considering the discussion following 
Table 19. 

Investigations the Colorado River Basin were started the Reclama- 
tion Service 1904 with the view augmenting the water supply for 
irrigation the Lower Valley and controlling the ever-present flood 
menace the Delta region. investigation the Upper Basin 
indicated lack the requisite storage reasonable cost, therefore, studies 
storage sites the lower river were undertaken. After preliminary 
study the problem and reconnaissance the river below the mouth 
the Virgin River, work was concentrated, 1919 and thereafter, the better 
dam sites Boulder and Black Canyons. 

The primary object was the regulation the river for irrigation and flood 
control. these investigations progressed, became evident that large 
amount power could developed without interfering with the primary use 
the reservoir for irrigation and flood control, and that the dam sites 
considered would possible develop power which could sold 
price sufficient repay the cost construction. all these studies, the 
power problem was considered only incidental that irrigation and 
flood control. Studies were largely concentrated the Boulder Canyon 
Reservoir site where the requisite storage could obtained the lowest 
cost and where the development could made without interfering with other 
uses the river. 

preliminary report this subject under the title, “Problems the 
Imperial Valley and Vicinity,” was made 1922 Arthur Davis, Past- 
President Am. Soc. E., then Director the Reclamation Service. The 
studies were continued after that report was completed and the results em- 
bodied voluminous report, containing nearly 2000 typewritten pages, 
submitted the writer February, 1924, under the title, “Report the 
Problems the Colorado River Basin.” When this report was written, the 
data available dam sites above Boulder Canyon were practically limited 
the Glen Canyon and Diamond Creek sites. 

1923, the Geological Survey made some surveys and 
general geological examination the Colorado River Gorge from Lees Ferry 
Las Vegas Wash, the latter being between the Boulder and Black Canyon 
Dam sites, which were investigated the Bureau Reclamation for the 
Boulder Canyon Reservoir site. few days prior the completion 
the writer’s report, the Geological Survey furnished approximate elevation 
some the dam sites below Diamond Brief studies, therefore, were 
made the time remaining and led the submission alternative plan 
limiting the height the Boulder Canyon Dam the level the Bridge 
Canyon Dam site. was pointed out that the success this plan would 
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depend the feasibility the Bridge Canyon for high dam and power 
plant. 

Since then the Geological Survey has provided preliminary profile 
the Colorado River through the stretch investigated 1923, well the 
topography the principal dam sites noted the survey party below Grand 
Canyon National Park. These data, addition those obtained from in- 
vestigations the Bureau Reclamation, have made possible extend 
the previous studies and determine the best plan for the development 
the lower river, having mind all times the paramount importance 
irrigation and flood control. Some the results these studies are embodied 
this discussion. The section the river through the Park has been dis- 
regarded, because public aversion its development, while the part above 
the Park far distant from large power markets that its development will 
not economical until the entire power possibilities below the Park become 
fully utilized. 

The more important factors involved the proper development the 
entire section below the Park the order importance are, follows: 


1.—Adequate storage for irrigation and flood control with mini- 
mum evaporation loss. 

2.—Construction cost. 

3.—Maximum power output with maximum flexibility. 

4.—Minimum destruction developed and undeveloped property. 


Adequate Storage Capacity for Irrigation and Flood factor 
far the most important, the use water for irrigation must take 
precedence over that for power the Colorado River Basin. The object 
the development should first, the protection present irrigated lands from 
the ever-present dangers inundation and water shortage and thereafter 
the provision adequate storage capacity permit the utmost development 
the water resources the Colorado River Basin. Other waters cannot 
substituted irrigate lands the Colorado River Basin, but other sources 
can provide power. 

Under present conditions less than 1000000 acre-ft. active storage are 
required insure adequate irrigation supply for the Lower Colorado 
areas. With further development throughout the Basin, this volume will soon 
increase rapidly. the writer’s report February, 1924, was estimated 
that acre-ft. would ultimately required for this purpose alone 
up-stream developments did not create material hold-over storage. Un- 
doubtedly, considerable storage this type will materialize, but be- 
lieved that 15000000 acre-ft. storage will required for this purpose 
the lower river. 

The present silt inflow Boulder Canyon estimated 80000 acre-ft. 
annually. will gradually decrease up-stream reservoirs are constructed. 
prevent the encroachment the storage needed for irrigation pur- 


poses for long period years, additional capacity acre-ft. 
needed. 
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Floods should limited not than 40000 sec-ft. Yuma, dis- 
charges more than 50000 are difficult control and seriously en- 
danger the present levees. The uncertainties attending any change the 
regimen stream like the Colorado River dictate that ample provision should 
made meet contingencies. Under present conditions, such control will 
require 8000000 acre-ft. storage, decreasing 5000000 acre-ft. when 
the up-stream development becomes considerable. 

From the foregoing will seen that total capacity 
acre-ft. should provided meet future conditions. That such capacity 
not needed care for irrigation, flood control, and silting the imme- 
diate future apparent. The provision this greater capacity 
the present time not economic blunder, however, the full control 
present flow for the prevention waste and, therefore, the maximum 
power output requires storage more than 000 000 acre-ft. 

The location this storage also important factor. From the stand- 
point flood control and avoidance irrigation waste, storage should 
near the point use possible. restrict evaporation losses, the reser- 
voir should deep and located the Canyon Section. 

Construction Cost.—Even with the cost the dams added the power 
feature, power can developed more cheaply Boulder Canyon for the 
market available than any other point the Colorado River, elsewhere. 
Modification plans for purely storage development include power devel- 
opment must provide power minimum cost per unit, order that the 
additional investment may justified and the burden the power users 
reduced minimum. The more recent studies have assumed that the cost 
storage for irrigation and flood control should saddled the power 
development. 

Power Output.—Although adequate provision must made for irrigation 
and flood control, any accepted plan must offer avoidable interference with 
the maximum possible power development. Maximum power output de- 
sirable the presence market the near future for all power that 
may developed below the Park generally conceded. power depends 
head and quantity water, follows that the maximum possible output 
would obtained with stream control the upper reaches section and 
utilization the entire head below. feasible storage possibilities 
with sufficient capacity exist above the Boulder Canyon Reservoir site, 
follows that, order obtain maximum product, the plan adopted must 
compromise between sacrifice operating head and storage capacity. 

considerable portion the energy used Southern California the 
present time devoted irrigation pumping, which varies greatly from year 
year with the stream flow. doubt such pumping will continue take 
considerable part all power marketed there. Some the power systems 
with which the Colorado River development would interconnected are 
less fortunate storage possibilities. The best use Colorado River power 
possible only with large storage reserve strategic points, that will permit 
flexible power output. 
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Destruction Property Mohave Valley Reservoir, devel- 
oped Elevation 600, proposed Colonel Kelly, would require the recon- 
struction about miles double-track main-line railroad (Santa Fé). 
The City Needles, Calif., with population more than would have 
moved new site, together with extensive terminal facilities the 
railroad company. Irrigable land, the extent 40000 much 
Indian reservation, would submerged. school would also have 
moved. Parker Valley Dam, developed Elevation 425, would not 
any property value. Developed Elevation 458, the lower part Mohave 
Valley would submerged the extent possibly 000 acres. 

Data Available for Designing Work.— 

Diamond Creek Dam topography and drilling data were ob- 
tained from Mr. Girand, applicant before the Federal Power Commission 
for this site. 

Bridge Canyon, Spencer Canyon, and Devil’s Slide Dam 
topography the dam sites was obtained 1923 the Geological Sur- 
vey, but most cases insufficient amount cover the sites for power 
houses well. data are available foundations. The estimates cost 
are based assumed depths rock 60, 90, and 120 ft., the middle depth 
being used for general comparison plans. The accessibility the sites 
has been assumed without actual knowledge this condition. 

Boulder Canyon Reservoir topography the reservoir 
area and dam sites has been obtained; surveys made for connecting rail- 
roads indicate readily accessible site. The two most favorable dam sites 
indicated detailed geological investigations have been thoroughly drilled. 
Concrete materials have been located and subjected practical tests deter- 
mine their suitability with gratifying results. This work was carried from 
1918 1923. 

Bullshead Reservoir topography for this site was obtained 
1902 and 1903. The location was diamond-drilled 1903 the Reclamation 
Service reported the Second Annual Report that Service. 

Mohave Valley Reservoir general topography this reser- 
voir site was made the Reclamation Service 1902 and 1903 and that the 
dam site the Geological Survey 1923. drilling has been done. 
Estimates the depth rock are based conditions existing the rail- 
road bridge few miles above and other dam sites the river. The cost 
necessary changes railroad trackage and facilities computed from 
information furnished the Railroad Company. 

Parker Dam Site—The general topography was taken 1902-03. Addi- 
tional topography was furnished Fred Noetzli, Assoc. Am. 
The site has not been tested for foundations. 

Designs and and estimates for the Black Canyon 
Dam have been worked out great detail for various heights, based com- 
plete field data. 

Information the Diamond Bullshead, and Parker sites 


such shape that the designs and estimates can considered little better than 
preliminary. 
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The foundation conditions and right-of-way difficulties the Mohave 
Valley site are unknown. There are many uncertainties connected with 
the cost this development that any estimates made with available data 
may misleading. Under circumstances should this site developed. 

The Bridge Canyon, Spencer Canyon, and Devil’s Slide sites have only 
incomplete topography from which estimates can made. 
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Although infinite number plans for the development the Grand 
Canyon-Parker Section may advanced the basis known and assumed 
dam sites, believed that the layouts presented Figs. and cover 
all the more favorable plans. 


TABLE 32.—Comparison ror River 


CONDITIONS WITH CONDITIONS WITH FULL DEVELOPMENT 
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Based estimates for installations using convenient power units with total power 
approximating available power. 


Based complete equation stream flow up-stream storage. 
Total capacity behind dams, except lower ft, Parker Dam. 


comparing these plans regards their features (Tables 
and 32), two conditions water supply have been assumed, namely, 
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present supply without up-stream control and possible future supply with stream 
flow fully equated. Neither condition will ever fully materialize. the 
time the entire river below the Park can put power use, much irrigation 


and power development may take place above. Full control the river 
up-stream storage impracticable. Actual conditions will gradually leave 
the status and approach that full up-stream development. 

The evaporation from the reservoirs based estimated loss ft. 
per year over the mean exposed area each case. This value may con- 
sidered average. Actual losses will higher the lower desert region 
below Boulder Canyon than the Canyon Section proper. part 
Plan Fig. 22, exclusive the Parker Dam, was first suggested 
the writer his February, 1924, report. That plan, with the Parker Dam this 
included, presents the best scheme development for the lower river 
whole. Its outstanding advantage that supplies the needed storage flov 
capacity with minimum evaporation loss. provides superior flood control 
regulating Williams River, and entails minimum destruction irri- 
gable areas. The cost construction the lowest all the plans, both 
under present and future conditions. With only partial control, such will 
actually exist, the power output for these plans with small storage capacity the 
would suffer far more severely than Plan The cost the Parker Dam 


included the total cost this plan. would provide much needed 


diversion for Parker Valley and for contemplated irrigation the higher 
lands below. 
timely, especially the Southwest, than the one under discussion. Perhaps 
other great undertaking, immediate concern, involves many. engineer- 
ing problems controversial nature, and none more worthy the 
assistance which results from open discussion the Society. The author 
thanked for presenting clearly the viewpoint the staff the Federal 
Power Commission. 
Among those who have studied the problems the Colorado, the Reclama- 
tion Service, which has carried investigations and studies the highest 
importance, including the testing many foundations, for twelve years. 
Likewise, the pioneering and other investigations Rue, Am. 
E., have been most valuable. 
The State Arizona has been somewhat laggard this regard. However, 
organized, 1922, the Arizona Engineering Commission make 
reconnaissance study the irrigation possibilities from the Colorado River 
within the State. This Commission, which Mr. Rue was Chairman, 
reported July, 1923. The Legislature 1923 made special appropria- 


tion $14 000 for work the Colorado for the biennium 1923-25; 
initiated measure authorizing extensive studies the Colorado and 
appropriating $100 000 for the purpose, will voted the November, 1924, 
elections. 


Prof. Eng., Univ. Arizona, Tucson, Ariz. 
Received the Secretary, August 25, 1924. 
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large part the potential water power the Colorado lies within 
Arizona, this State will exercise considerable control over the development 
program. Within its boundaries, the State has control over the appropriation 
water for irrigation and other uses, and has control over the stream and its 
bed all matters not related navigation. The Federal Government, 
reason its ownership abutting lands, also can exercise control over the 
proposed developments, which control exercised through the Federal Power 
The State and the Federal Governments, therefore, must co- 
operate the control the power development the river. Inasmuch 
about 90% the power development the canyon region will within 
partial control Arizona, desirable that the State should represented 
the studies and conferences which must precede any further construction 
this important stream. 

Water has been assumed that the extensive records stream 
flow the Colorado and its tributaries were adequate basis for study. 
However, Herman Stabler, Am. E., has added material great 
value extending the records backward more than years, given 
Table 5.* The net result this study indicate that the safe water supply 
the river may have been over-estimated about per cent. studying 
the water resources the Gila River few years ago somewhat similar change 
flow was noted, that is, greatly increased run-off during the past twenty 
years. The average rainfall Tucson for the period, 1885-1904, was 10.25 in., 
whereas the average from 1905 1923, inclusive, was 12.91 in. The records 
rainfall not demonstrate any cycle, but they give warning 
that the discharge records since 1902 are not entirely safe basis for planning 
the utilization the river. 

has long been apparent that the water supply the Colorado inade- 
quate for all the demands that will made it, the case with many 
other streams the West. the report the Arizona Engineering Com- 
mission, Mr. Rue pointed out that there 1000000-acre project with 
diversion point near Parker, Ariz., the development which may feasible 
years, but that there may water supply for it. Other projects 
may yet found that are comparable with some those now considered 
feasible. 

The adequacy the water supply the seven States will depend 
measure the quantity water granted Mexico through treaty. Such 
agreement may complicated situation the reverse that the 
Colorado, which exists the Lower Rio Grande, where the Conchos River 
Mexico big factor the water supply lands Texas. The writer 
agrees, with the author that treaty with Mexico, covering the quantity 
water delivered the International Boundary, should negotiated 
soon practicable. should require, also, the payment part the cost 
the holders the Mexican lands, proportion they are per- 
share the benefits storage. 


Proceedings, Am, Soc. E., August, 1924, 817. 
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must confessed, however, that the use water Mexico may 
increase rapidly more than the quantity agreed treaty, and the 
probable result would another treaty granting larger quantity. 

Comparing Mr. Stabler’s estimate dependable supply with Table 11,* 
apparent that ultimately the shortage may approximate acre-ft. 

California, the City Los Angeles has filed application for diver- 
sion 1500 sec-ft. the vicinity Blythe for use Los Angeles and 
vicinity. would add the value the paper the author would state 
whether allowance has been made Table for such diversion. 

The Division the Water between the seven States that are 
interested the use the Colorado River for irrigation, the greatest care 
should exercised take irrevocable steps that will prevent the highest 
use that portion the water supply remaining the-United States. 
impossible state present just where and how the last residual unap- 
propriated water should used, where will most needed. 

Six the seven States are so-called priority States, that is, States where 
the water laws are based the doctrine beneficial use according 
priorities and where riparian rights not exist. The seventh State, Cali- 
fornia, since the time limit for asserting riparian rights expired last Decem- 
ber, also priority State, least far the Colorado River con- 
cerned. The decision the Supreme Court the Laramie River case 
applicable, therefore, the Colorado River Basin—in brief, the doctrine 
beneficial use according priorities the basis for water division through- 
out the Basin, regardless State boundary lines. There ownership 
permanent control the water any project any State. appro- 
priator acquires the right use the water, far can make beneficial use 
it, and long does use it. The building reservoir not neces- 
sarily appropriation; actual beneficial application the water land, 
without undue delay, required also. much has been said and written 
support this principle water law and the need for States where 
irrigation practiced, that would superfluous enter into 
here. 

The author states that the Boulder Project would put beneficial use for 
power practically all the water the Colorado River and would thereby acquire 
prior rights for all. This suggests that treaty between the seven States 
might limited agreement that the use water for power should 
itself create rights against its later appropriation for irrigation, either 
stream down stream. open question whether the author’s 
statement correct. year ago (1923), the Federal Power Commission 
proposed stipulate the licenses for power that rights prejudicial the 
development irrigation are acquired the licensees. authorities 
believe that such stipulation would protect the Upper Basin States, especially 
similar provisions should made the power permits issued the 
States. the absence agreement, test case should brought before 
the United States Supreme Court, determine whether the building 


Proceedings, Am. Soc. August, 1924, 823. 
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power dam can acquire rights against irrigation. The Imperial Valley 
should bring such suit against the permittees the Flaming Gorge Dam 
site. 

more comprehensive contract agreement may needed between the 
three States the Lower Basin and the Federal Government. should 
include provisions covering (1) the location any dam dams State 
boundary lines; (2) the subject taxation; and, (3) the operation and main- 
tenance structures built boundary lines, built public agencies, and 
the allocation their costs and benefits. 

Location First writer agrees fully with the author that 
“storage for equalization flow should provided above the Canyon Sec- 
tion, and that storage for re-regulation flow should provided the 
bottom the Canyon Section”; and also that the storage capacity required 
the present time for flood protection and for insuring late-summer irriga- 
tion supply moderate amount, say 4000000 acre-ft. exclusive silt 
storage. does not agree the importance locating the reservoir for 
flood protection far down stream practicable, and considers that the 
author’s argument against the Boulder Project should not taken con- 
clusive until more known about alternative projects the Lower Basin. 

Why begin Topock? The Mohave Valley the hottest place known, 
least far the Weather Bureau reports show, and the evaporation 
rate must excessive; the potential power that site unequal the 
immediate demand, and the foundations have not been drilled. likely that 
bed-rock will found considerably deeper than the Topock railroad bridge, 
where the maximum depth not known, except that excess 100 ft. 
The Bridge Engineer the Santa Railway System has stated that “the 
east pier supporting the main cantilever and anchor arms goes down very 
close 100 ft. and founded bed cemented boulders.” 
not reassuring contemplate laying the foundations depth more than 
100 ft. and the same time contending with the untamed river canyon 
only 240 ft. wide. The writer believes that attempt should made 
this the Boulder Dam until considerable river control secured 
farther stream sites where the bed-rock shallow, The Topock Reser- 
voir, too, would accumulate silt rapidly, especially the higher levels, 
the storage capacity would reduced seriously years unless the Boulder 
Dam built the meantime. course, would great advantage 
the Imperial Valley have the river desilted, but, likewise, would 
advantageous those who operate turbine water-wheels the Canyon 
Section. 

Mindful the need quick action the interests the Imperial 
Valley, seems most untimely for the Engineering Profession propose 
new location for the first dam, and ask for another year delay, 
permit determining the foundations this new site. 

The first dam should the Dewey site the Grand River, built 
the Federal Government regulating dam for flood control. Plans for 
such dam were detailed the Reclamation Service several years ago. 
With height 215 ft. would create storage capacity 300 000 
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The depth bed-rock only ft. below the surface. The rock hard, 
carboniferous sandstone, suitable for building operations. The site 
the silt-gathering area and, consequently, the life the reservoir will long. 
Studies the effect this proposed reservoir flood flows showed that 
1914, year exceptionally high June floods, the crests the mouth the 
Grand River would have been reduced from 64000 23000 sec-ft. The 
regulation the river effected the Dewey Dam would give greater security 
the construction other dams farther down stream, and would double the 
power capacity Diamond Creek and other power sites above the mouth 
the Virgin River. The site below all irrigable areas the Grand 
River, that its use for river regulation would not interfere with the irriga- 
tion development the Upper Basin. Its cost estimated 000. 
can completed three years. After other dams have been built the 
river, the Dewey Project can used, part, for power. 

increasing the height the dam 245 ft., the storage capacity would 
increased 3000000 acre-ft. This would necessitate moving about 
miles the Denver and Rio Grande Railroad. The topography, however, 
favorable, and the cost would not more than the cost the dam. 

The Dewey Reservoir alone does not provide the 4000000 acre-ft. 
storage required for flood control. The additional storage can provided 
the Green River, either Flaming Gorge Juniper Mountain and 
Flaming Gorge. almost certain that the Flaming Gorge Dam will 
built the Utah Power and Light Company. The Federal Government 
should provide for 30-ft. height the dam give 
acre-ft. storage for flood control only. within the province the 
Federal Power Commission require this the funds are provided 
Congress projects farther down stream that will benefited. 

The most pressing problem the Imperial Valley not flood control, but 
the increase the late-summer water supply. The shortage was acute and 
caused much damage 1915, 1919, and 1922. The flow present (July, 
lower than the corresponding date any one those years, and 
forecasts severe shortage this year. -Another year with little run-off 
1902 would cause complete loss summer crops. The Dewey Reservoir 
alone would provide ample late-summer water supply for least years. 
would filled each year May and June and emptied gradually during 
the next six 

has been claimed that the first reservoir should the lower river 
below the mouth the Virgin, regulate the floods from the Virgin, 
the Little Colorado, and the San Juan. floods those streams are 
short-lived and are flattened out before they reach Yuma. The highest flood 
ever recorded the San Juan occurred 1911 and was estimated 
sec-ft. The maximum flow Yuma during the period was only sec-ft., 
which only part was due the San Juan flood. The Little Colorado 
flood September, 1923, was exceptionally high, but the Yuma 
did not exceed 60000 sec-ft. course, those floods might have occurred 
coincidently, but should borne mind that for long time the 
levees the lower river will maintained for protection against floods 
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200 000 sec-ft. from the Gila River. Furthermore, within recent years, 
excellent system flood warnings has been perfected, and track and quarry 
facilities Andrade have been made,very effective for. fighting floods. 

The cost the Dewey Dam, part the cost, should pro-rated 
the Federal Power Commission among the down-stream projects which will 


The benefited. The Diamond Creek Project could well afford pay the entire cost, 
curity but the Boulder and other projects should each pay share, because each will 
the benefited it. The Federal Government should contribute the cost 
mouth 


this and other dams the head-waters the Colorado under the same theory 
government was exemplified the building thirty-three dams the 
Ohio River, that is, secure river regulation and control, make the stream 
manageable and utilizable; exemplified the purchase great areas 
land the head-waters the Allegheny and Monongahela for reforestation. 
Navigation more vital the economic and social welfare the group 
six States bordering the Ohio than the taming and harnessing the 
Colorado the welfare the seven States along its course. The Federal 
Government should pay one-half the cost the Dewey Dam and one-half the 
cost securing 1000000 acre-ft. storage for flood protection the 
Flaming Gorge site. 

desirable have larger measure flood control, especially for such 
years 1884 and 1909, and expected that, time, the stream flow 
the Upper Basin will fully equated, probably the mouth the Green 
River the general vicinity Lees Ferry. disappointment the 
writer that the author has not presented definite plan for complete regula- 
tion stream flow the Upper Basin, consonance with the general 
principles laid down him. Until general plan for complete regulation 
the flow the Upper Basin has been adopted, would grave misfortune 
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Just now the urgent problem hold back somewhere part the June 
flood, and this can done means reservoirs the Upper Basin any- 
where above Parker. From the standpoint protection the Imperial 
Valley, the location the storage not important its immediate 
availability. The Imperial Valley should not obliged wait eight, ten, 
twelve years for relief. 

The development the Colorado, here proposed, amount 
storage, which can utilized Utah, Nevada, Arizona, and California, 
will prevent the early application water great areas Sonora and 
Lower California and the subsequent claims priority rights for those lands. 
will retard development Mexico until projects Arizona and the 
Upper Basin can gotten under way. 

The main arguments used the proponents the Boulder Project against 
storage the Upper Basin are: (1) That would leave the run-off from 
large part the water-shed unregulated; and (2) that the Upper Basin can 
make full use the reservoirs situated above the canyon region. These 
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arguments are not sound has been shown herein. true that order 
prevent waste water the sea, there must some reservoir farther down 
stream, but will many years before close required. 

The First Power Diamond Creek Project, the mouth 
Diamond Creek, miles north Peach Springs, the Santa Rail- 
way, strictly power project. the Dewey Dam built once, the 
Diamond Creek Project might well the first power development for the 
Lower Basin States. This project has long list advantages. has 
shallow depth bed-rock, indeed, the bed-rock swept bare during high flood 
stages; the narrowest between canyon walls; the walls are granite; 
easily accessible from the railroad and has convenient space close 
for construction operations; and its distance from the center gravity the 
power market little more than the distance from Boulder Canyon. The 
power installation the Diamond Creek Project with the unregulated river 
flow will between 200000 and 300000 h.p., depending the height 
the dam. the Dewey Dam built, equal amount power will added, 
and the power possibilities will further increased the Flaming Gorge 
Project. large part this power would marketed California. 

Arizona needs the Diamond Creek Project, but there urgency 
analogous the situation the Imperial Valley. Arizona has excellent 
power projects the Salt and Verde Rivers and one Yuma; the develop- 
ment these projects uuder way planned. The San Carlos Project 
the Indian Service the Gila River should include power develop- 
ment. political question who should build the projects 
the Colorado, whether private public agencies, and, this struggle, 
each side seems very successful preventing progress the other. 

Assuming that storage for stream regulation has been obtained above the 
Canyon Section, then the problem the Lower Basin involves the follow- 
ing desiderata: 


1.—Power development early date and minimum cost; each project 
part comprehensive plan that will utilize the maximum feasible head. 

2.—Silt storage; this doubtful importance, the silt problem will 
less acute when the Imperial Canal connected Laguna Dam. 

8.—Re-regulation; although not essential now, will become the 
development irrigation increases. 

4.—Minimum loss evaporation from reservoirs; this also will become 
important irrigation development advances. 

These conditions are met the Boulder site far better than Topock; 
and, first power project, the Diamond Creek location better than the one 
Boulder, assuming, course, that regulation the river effected 
the Upper Basin. The importance making power available early 
date cannot over-estimated. Despite the generous surplus power for 
1924 shown Table 14,* there critical power shortage throughout 
Southern California now (July, 1924), and doubtful whether the supply 
will again equal the demand until power obtained from the Colorado. The 


Proceedings, Am. Soc. E., August, 1924, 828. 
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growth population, use power, not the only factor; the amount 
rainfall, the price fuel oil, and other elements enter, many which 
cannot forecast all. unlikely that power from the Boulder Project 
can obtained less than years; power from Diamond Creek can 
had years, the deadlock between those interests that are seeking 
the development can broken. 

The author has referred repeatedly the need conforming one 
optimum comprehensive scheme development. There can objection 
this ground the immediate development the Dewey and Flaming Gorge 
Projects and probably none the Diamond Creek Project. 


IMHOFF TANKS—REASONS FOR DIFFERENCES 
BEHAVIOR 


Discussion* 


- 


Am. Soc. (by letter).t—In this instructive paper 
Imhoff tanks, the author mentions the mechanical agitators Enid, Okla., 
and Newton, Kans., used break the scum the vent chambers, and 
overcome the nuisance caused foaming. The writer visited both these 
plants August and 1924, and hopes that the following description 
these agitators and the results obtained may prove interest and benefit 
members interested. 

The Imhoff tank Enid was designed for the sanitary sewage from 
population 20000; the present tributary population 16000. Two years 
ago (1922), one year after the was completed, the Imhoff tank foamed 
and the City Department charge its operation devised mechanical 
agitating device that has since satisfactorily broken the scum there has 
been further foaming and the scum has been practically overcome. Table 
includes general data regarding this, and other plants described this 
discussion. 

The tank Enid ft. long inside and has three vent chambers run- 
ning its entire length. Across the tank the top are*four tie-beams dividing 
each vent chamber into five compartments, that is, from standpoint 
installing agitators. Thus, there are fifteen agitators each which can 
removed without interference with any other. 

shown Fig. 12, each agitator consists 1-in. galvanized-iron pipe 
shaft placed horizontally and length approximately in. shorter than the 
opening between the beams. two points its length are inserted ordinary 
crosses, holding one side, nipple approximately in. long and, the 
other side, one approximately in. long. Pieces pipe approximately one- 
fourth long the opening between beams, attached the nipples tees, 
complete the framework. The two crosses the main shaft are set with 
openings 90° apart make the paddles balance. The agitator thus has 
influence area in. diameter. The main shaft the agitator inserted 
each end into tees larger size for bearings. Ordinary floor-plates are 
keyed the main shaft keep from moving horizontally. The main shaft 
just the top the normal water level the tank and the water lubri- 


Discussion the paper Harrison Eddy, Am. Soc. E., continued from 
September, 1924, Proceedings. 


Asst. Engr. (Black Veatch), Kansas City, Mo. 
Received the Secretary, August 15, 1924. 
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the bearing. The whole mechanism attached light bolts the 
concrete the top each side the vent chamber. The apparatus oper- 
ated main through chain drive and intermediate main shaft run- 
ning the length the vent chamber and supported shaft hangers, giving 
speed rev. per min. 


Emporia, Kans. Okla. Newton, Kans. Whittier, Calif. 


Tributary 
Separate sewers. 


Freshness sewage.. Fresh Fresh Fresh Stale 
1.5 ft. 2.0 ft. 1.0 ft. 2.0 ft. 
Depth top water 
Total length inside..... weir built in. 54ft. weir, built in. ft. ft. in. 
Number settling 


Percentage(areaof vent One ft. One ft. in. 


ft. in. lower. 

Width settling com- 

Depth hoppers 

Depth water below 

gas deflection, beam 

top hopper bot- 

Sludge storage capac 

ity per capita........ 0.7 cu. ft. ft. 0.57 cu. ft. ft. 
Reversible flow........ Yes 

Bar screen, screen, in.|Bar sereen, in. 

Screening ............ Clearance clearance clearance. None 
Retention period (av- 

erage hour. hour. hour. min. 


Average flow assumes all sewage flowing off hours, 


The operator uses the agitator hour the morning when first comes 
the plant, min. noon, and min. just before leaves night. 
each treatment, the small amount matter not easily settled digested, such 
seeds, vegetable leaves, string, match sticks, etc., skimmed off. 
There has been foaming, and great amount scum since the instal- 
lation the agitator. The effluent dosed sprinkling filter and 
that since the installation the agitator the odor about the plant 
been materially decreased, especially during the sprinkling the filter. 
Practically all agree that there usually much more odor noticeable during 
periods foaming. probable that the free ebullition and escape gas 
reduces the concentration and perhaps formation stronger gases that occur 
during foaming periods. 


Population designed 
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The operator advises that the power required keep the agitators going 
less than h.p., but that probably requires between h.p. and h.p. 
start it. The cost operation for power averages from cents per day. 
The materials cost $350 exclusive the motor and the speed reduction set, 
and the cost installation was less than the cost the materials. 


Main driving Detachable Binder 
sprocket 


motdr H Binder chain 1 Binder chain 


Gas Vent 


SIDE ELEVATION VERTICAL SECTICN 


DETAIL SINGLE AGITATOR 
Main driving ENID OKLAHOMA 
Sprocket 


The plant produces good effluent and stable sludge. Sludge removed 
small quantities often during the summer drying season. The sewage 
which relatively fresh comes the plant passes through fixed bar 
having space between bars and pumped centrifugal pumps 
passing 1-in. material into the tank. Provisions are made reverse the flow 
the 

pump suctions are always submerged. Some oils and fats collect 
the pump pit. The operator has built skim weir well above the ordinary 
operating height the sewage sump and, times, raises the float-actuating 
devices above this height allowing the pit fill the skimming weir. 
Then skims off the grease and fats, thereby relieving the tank all such 
materials, except those that will not readily separate. 

The Imhoff tank practically free from scum the vent chambers and 
has appreciable floating particles the settling compartments. 


Sprocket shaft Agitator frame 
1Pipe frame 
. 
PLAN 
12. 
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tank, the lower slot the settling compartments constructed the over- 
lapping the sloping bottoms and apparently satisfactory, although 
the writer’s opinion that the double slot with the triangular beam the 
bottom better. 

Newton, Kans., the scum agitator (Fig. 18) different design and 
operation, but satisfactory. the tank there only one scum compart- 
ment, ft. long and ft. wide, and the agitator consists four mill screws 
approximately equally spaced the chamber, mounted pipe-frames, two 
each frame, and each frame mounted one point walking-beam. 
Each frame balanced that the agitators travel equal distances between 
and in. vertically. The mill screws extend about ft. into the water. 
The walking-beam connected, shown Fig. speed-reducing equip- 
ment the shaft vertical motor driving one the sewage pumps. The 
speed the agitator between and rev. per min. operates whenever 
the pump which connected used, considerably more than 
hour per day. 


i 


Walking beam 
frame angles 


Belt drive 


SIDE ELEVATION 


Large pulley. 
with eccentri 


DETAIL AGITATOR 
NEWTON KANSAS 


Fic. 13. 


The writer noted some scum the vent chamber, between the agitators, 
but was not more than in. thick. When the was first made 
the plant was foaming badly and the sludge compartment was well filled. The 
official charge, however, felt that the agitator would free the gas and the 
foaming would cease and sludge was withdrawn for more than month 
after the agitator was started. foaming occurred during this month, 
subsequently. The sewage disposal plant Newton the same type 
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units Enid and satisfactory results are obtained. Sludge not removed 
from this tank less than intervals three months. 

his discussion, Mr. Downes* states that Dr. Imhoff agrees with him, 
“that Imhoff tank which operates virtue excessive labor me- 
chanical devices for keeping down scum not satisfactory installation”. 
This may true, but both the plants herein described, satisfactory re- 
sults are obtained and the mechanical breaking the scum inexpensive 
and effective. 

The characteristics the Imhoff tank built Emporia, Kans., are shown 
Table 21. This tank has mechanical agitator present. was foam- 
ing August 1924, the time the writer’s visit. The Superintendent 
the plant expects install mechanical agitator remove this difficulty, 
obtaining power for its operation means windmill, thereby reducing 
the operating expense minimum. 

will noted Table that the capacity the digestion chambers 
each these plants materially less than that the paper 
and the discussions. However, foaming difficulties have been experienced 
the tank Whittier, Calif., which the sludge capacity was cu. ft. per 
capita and the settling compartment designed for 40-min. retention the 
maximum flow. The foaming occurred shortly after the plant was completed, 
considerably previous the time that the digestion chamber would have been 
practically filled with sludge and before the condition had become critical. 
the plant Whittier, the free-board was ft., and the foaming was quite 
violent and continued. could hardly stated that here there was not 
adequate sludge capacity, and seemed that possibly the fact that the sewage 
was quite old and fairly septic before reached the tank might have con- 
tributed the excessive amount scum which formed the vent chambers. 
this instance, there was also large percentage scum area, amounting 
40.8% the entire top surface the tank. 

Mention has been made the fact that most frequently the scum con- 
sists unbroken sewage, such paper, strings, vegetable remains, rags, 
According the writer’s observation, the only scum that has beconie dis- 
hard and impairs the free escape gases decomposition, that 
which decomposed fecal matter forms the matrix and seals the pores between 
the slower decomposing elements which normally break down through fer- 
mentation rather than putrefaction. 

Goodland, Kans., small tank excessive foaming occurred within 
month after the plant was put operation and immediately after the sewer 
system was completed, when the amount sewage flow was small. the 
tank foamed, the material appeared have particular body, but after 
over the settling compartments and dried, was quite tenacious and 
had the appearance thoroughly digested fecal material. After the tank had 
heavier sewage load, this ceased and has not occurred any marked degree 
since. 

During the spring 1924, Broken Bow, Okla., plant which had 
been operation somewhat more than year, and which that time had 
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given difficulties suddenly experienced the rising most the sludge 
the lower compartment which foamed over the vent chamber, thoroughly 
covering the settling compartments rate faster than could handled 
the operator who occasionally visited the small plant. This occurred 
approximately the same season the spring the semi-annual turn-over 
water reservoirs. 

has seemed the writer that there are many different conditions 
under which foaming occurs that single reason can assigned for it. 
felt that the septic condition the sewage Whittier might have been 
conducive the excessive forming scum and the entraining gas the 
extent creating foaming condition. this septic explanation 
would not apply the other plants described unless possibly the small 
plant Goodland. all the plants herein discussed, the sewage has been 
strictly sanitary, with street washings trade wastes that are particularly 
difficult handle the normal sewage disposal works. The mechanical 
devices mentioned have effectively removed the trouble foaming and pos- 
sibly have resulted satisfactory operation with the plants the sludge com- 
partments which were not large has been generally accepted proper 
these discussions. has seemed also that even with large sludge com- 
partment, freedom from foaming not assured, evidenced the plant 
Whittier, where, due climatic conditions and the rapid and continued 
decomposition sewage, there would not the necessity for long storage 
deposits order insure its proper digestion. 

the section the United States considered there has been tendency 
(probably more serious consequences than the Eastern part) treat 
sewage disposal plant utility which functions with practically atten- 
tion. the writer’s opinion that greater pressure must brought bear 
all communities order make them realize that sewer system 
sewage disposal works much public utility water-works lighting 
plant; that although may not require constant attention, yet requires 
regular and competent supervision for satisfactory results. 

the design reasonably ample the capacity the digestion 
chamber and vent area, the writer believes that foaming probably de- 
pendent the character sewage the particular time and distinctly 
operation problem. 


certainly the best and most complete treatise ever written about two-story 
settling tanks. Although the writer fully agrees with the deductions drawn 
would like expand them some particulars but only according 
experiences gained 

Character and Composition very seldom that the sewage 
treated already existing its quantity and composition exactly known 
before the plant designed. During the early operation, the sewage usually 
undergoes great changes and, therefore, the engineer obliged design his 


Engr., Ruhrverband, Essen, Germany. 
Received the Secretary, September 1924. 
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plant according given data, the number inhabitants and the 
quantity water. Besides, must endeavor estimate the utmost all 
other conditions influencing the quality the sewage. Influences which increase 
the sludge quantity and which—for other reasons—require large capacity 
‘the digestion tank, are: 

1.—Storm water, combined system (50%); 

2.—Absence grit chamber; 

4.—Low average temperature—long winter; 

5.—Industrial wastes; and, 

6.—Extravagant habits the people (home breweries, large consump- 

tion fat, paper, 

Temperature methane fermentation depends on: (1) 
The seeding and mixing; and (2) the temperature. 

The author perfectly right devoting the greatest attention the 
temperature. The artificial seeding and mixing the utmost importance 
plants having separate sludge digestion chambers, shortens materially 
the time ripening (Birmingham). 


Degrees Fahrenheit 


Per Cent of Gas Evolved in 1 Month 
14. 


two-story tanks the seeding and mixing done automatically; but 
the best mixing effect case the slightest change temperature. 
submits gas curve (Fig. 1),* based data published 1902. 
This curve shows that the production gas temperature 75° (Fahr.) 
proportionate the temperature. Fig. shown another curve, 
based Dr. Sierp’s (Essen) latest experiments with separated sludge tanks. 
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This latter curve shows some slight differences the values compared with 
that Mr. Eddy, but also indicates that gas production varies 
temperature. 

Therefore, general rule, the proposition Mr. Eddy must hence- 
forth considered valid, namely, designing sludge digestion tanks the 
temperature must estimated exactly possible. This relatively simple, 
because the temperature the digestion chambers two-story tanks generally 
accommodates itself the temperature the sewage, and separate sludge 
tanks, the temperature the air. This shown very Fig. 15. 
this case, the temperatures for one year treatment plant Essen are 
registered. Intentionally, plant has been chosen which has deal with 
sewage only. the treatment installations the Ruhr-Emscher 
District, which receive also warm industrial waste, the temperature the 
sewage considerably higher. The plant chosen great interest, because 
consists two-story tanks and, addition, separate digestion chambers. 
The curves show clearly that the yearly average temperature the sludge 
the two-story tanks nearly higher than the separate digestion sludge 
chambers. Upon ascertaining from the Sierp gas curve (Fig. 14) the 
quantity gas produced these temperatures, evident that the digestion 
compartment two-story tank this plant develops least twice much 
gas separate digestion chamber the same dimensions. plants with 
warm industrial waste the difference much greater. Thus, clear why 
separate sludge tanks must always far larger size than two-story tanks. 


(NO TRADE 


Degrees Fahrenheit 


Febr. May June July 
Month 
15. 


all events, this manner possible with some certainty 
from the temperature the sewage the capacity needed for the digestion 
chamber two-story plant. 

Preparatory Treatment application fine screens for 
preparatory treatment two-story plants not clear the writer from 
technical point view. Germany, fine screens good quality are cal- 
culated nearly the same yearly cost (interest, sinking fund, and running 
expenses) complete installation two-story tanks. The addition 
fine means the doubling the yearly expenses without improving the 
results. The collection and removal the screenings also offensive 
operation. Thus, the best advantage two-story plant has been lost, namely, 


70 
re. 
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having sludge that without odor and the same time harmless from 
sanitary point view. If, therefore, fine screens are arranged front 
two-story tanks they should used only for breaking the scum before 

Tank Design.—There doubt whatever that digestion chambers 
great depth more work than shallow ones the same size. The author 
proposes allow for the smaller depth the digestion chamber making 
the chamber larger proportion the expected water content the sludge. 
doubt this proposal will find general approval. 

The author also convincingly proves that the digestion basins the two 
plants Plainfield and Schenectady cannot used their full advantage, 
because the impossibility distributing the sludge uniformly among the 
different sections. When judging these two plants to-day, one must back 
the time when the installations were designed. There are great differences 
between the fundamental principles these plants and the approved 
German construction the same time; but willingly admitted that 
that time was impossible foresee the effects alterations; the plant 
Schenectady—as far known the writer—was originally designed for 
much greater depth and was only altered during construction account 
the many difficulties that arose. 

the times when these four American plants were designed, German engi- 
neers were also the opinion that the digestion chamber must arranged with 
very large surface. the meantime this has been proved erroneous. 
Digestion chambers having very small gas vents show the greatest security 
against foaming and floating sludge. The settling tank should have large 
surface possible, and small depth, but the digestion chambers, the 
contrary, should built deep possible with surface all. 

The recently developed methods utilizing the gases render the formation 
even small amount scum very troublesome. Therefore, the construc- 
tion shown Fig. used the new German plants. The digestion chamber 
is-completely closed top wooden cover, thus keeping the floating sludge 
entirely under water-and allowing only the gases escape. Below the wooden 
cover there arranged, laterally, opening for the escape the floating 
sludge, which flows off the same manner the bottom sludge. The 
wooden cover can never become clogged because under there always 
layer gas, keeping off the sludge. The cover consists number 
wooden laths put together means tongue and groove joints. The gases 
escape through the cracks the wood. this arrangement all fears 
scum and foaming are removed. The writer lays special stress the fact, 
that the forty plants the Ruhr-Emscher District, foaming unknown. 

Operation—A fundamental axiom laid down Mr. Eddy the fol- 
lowing words: 


“The drawing sludge the spring should postponed long 
practicable order reduce the danger removing offensive smelling sludge. 
the other hand, must not allowed accumulate the extent 
causing foaming other difficulties.” 
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These dicta refer only the northern parts the United States where the 
four plants examined the author are situated. Evidently, the winter there 
cold that the temperature the digestion chambers falls below the admis- 
sible limit (about 45° Fahr.). Germany, and likewise the southern parts 
the United States, the conditions are far more favorable. shown 
Fig. 15, the temperature the sludge the most unfavorable two-story plant 
the Ruhr-Emscher District, never falls below 48° Fahr. the installa- 
tions the Ruhr-Emscher District good sludge also obtained during 
the winter, except that the digestion during the cold season takes more time. 
the autumn the surface the sludge should therefore lie deep, order 
able rise slowly during the winter. 


RAG N 


COVER AND GAS TRAP FOR VENTS 
TWO STORY TANKS GERMANY 


Fic. 16. 


great importance determine what should done with over- 
loaded plant during operation. The engineers the Ruhr-Emscher District 
have had great deal experience this connection—the oldest plant here 
having been operation more than sixteen years—and great many them 
the quantity sludge has been increased many-fold. There are the follow- 
ing remedies: 

1.—Draw off the sludge frequently, order make good use the diges- 
tion chambers. 
the sludge drying beds, order dry even sludge bad 
quality. 
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3.—Arrange sludge lagoons for the winter, the practice some Amer- 
‘ican plants. 

4.—Construct secondary digestion chambers, which the sludge, pumped 
from the two-story plants, may stored for some time, before placed 
the sludge drying beds. Such tanks are built England (Birmingham) with 
earth embankments. 

The last mentioned remedy may the best solution, the case 
Schenectady. The sludge can drawn often from the different sections 
the two-story plant that difficulties arising from scum foaming cannot occur. 
From the section the inlet end relatively fresh sludge will always drawn, 
from the central sections only digested sludge. They will well mixed 
their way the separate digestion chamber, which always operates well long 
the temperature the air kept above the admissible limit, namely, 45° 
Fahr. The digestion chamber must such size, that can receive the 
whole the sludge during the winter. 


RESEARCHES THE STRUCTURAL DESIGN 
HIGHWAYS THE UNITED STATES 
BUREAU PUBLIC ROADS 


Discussion* 


formulated for the rational design concrete slab supported sub-grade 
heterogeneous, non-elastic material. All such structures are designed 
empirically, the rules experience, and researches like the present one are 
valuable tending place their design more rational basis. 

The fundamentals involved the design any structure are well stated 
the author follows: (1) Correct evaluation the forces which are 
resisted; and (2) correct proportioning the structure resist those forces. 

The whole difficulty the design concrete road pavement lies 
the first these two problems. this difficulty caused entirely the 
bewildering complexity the many variable properties the average sub- 
grade, the author very naturally has attacked the problem endeavoring 
learn experimentally something these little known properties the various 
materials which may make the sub-grade. 

logical method approach this problem would first simplify 
eliminating many the unknown variables possible; the evaluation 
the forces work this simple case would increase the facilities for attack- 
ing the more complicated general case. 

Consider, for example, concrete floor for warehouse the tropics, 
filled ground, held place retaining walls. The effect temperature 
may neglected and also that moisture, thereby simplifying the problem 
considerably. 

Such floor will stressed most severely unloaded part imme- 
diately adjacent each side one that fully loaded. Suppose, for example, 
that the warehouse floor entirely covered with load per ft., 
except for aisleway through the middle, ft. wide. Then, the concrete 
slab certain points this unloaded part will receive the greatest possible 
stress. 

Consider strip ft. wide across the unloaded part. This strip (Fig. 27) 
may pictured inverted beam restrained the ends, carrying load, 
varying from maximum per sq. ft. each end minimum the 
center, designated lb. per sq. ft., being between and 
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evident that will vary from the case absolutely rigid sub-grade 
(like bed-rock), almost the case soil permitting considerable settle- 
ment. should certainly possible proper tests and experiments de- 
termine the value for any given set conditions; and granting that this 


so, the following line reasoning may suggested approximate solu- 
tion the problem. 


Yj Yi ji) 


Reaction = action at Center = ‘ 
per Sq. Ft. lb. per Sq. Ft, where isa 
aes coefficient less than 1.0 
27. 


the rate loading this beam considered straight line change 
from per sq. ft. each end per sq. ft. the center; the assump- 
tion should close the truth. This would give the rate loading any 
point, the span, as: 


Integrating this expression twice will give expression for the bending 

moment and substituting this for the value, the point greatest 
bending moment, will give: 

This expression not exact as, obtain the constant for the second inte- 


Maximum bending moment 


gration, the point where the bending moment was assumed which 


only approximation. From this expression the floor-slab may designed, 
provided that the value can deduced. 

The value evident, can determined only experiment. 
will range between and depending on: (1) The compressibility the soil; 
and (2) the stiffness the concrete slab. 

The writer believes that would possible systematic series tests 
deduce the laws which the compressibility the soil varies with known 
properties (such, for example, the density) and thus approach rational 


method determining the value for any given quality sub-grade 
material. 


= 


INCREASING THE CAPACITY EXISTING STREETS 


Discussion* 


people have not yet learned plan for the future well for immediate 
requirements. Fifty years hence long time ahead. Let posterity solve 
her own problems; why should the present generation worry over the troubles 
the next? little reflection should make the reason for looking ahead 
apparent. The fifty-year period seems long the short span human 
life, but only short period the life city. Had our forefathers 
been blessed with better foresight they might have provided many necessities 
and conveniences which are now difficult secure. Perhaps better illustra- 
tion can found than the present-day need greater street capacity 
American cities. 

There occasional exception sure the case Washington, 
C., where many wide streets were provided without any substantial way 
depriving the lot owner what would have enjoyed had his lot been 
extended somewhat and the street made narrower. The plan there followed 
one that can recommended wherever new sub-divisions are planned and 
particularly cases where set-back line from street ordinary width 
would desirable. According this latter plan the street laid out extra 
wide, 120 150 ft., and then the improvements are made were only 
ft. width. lot owner reserved the privilege using the 
extension his lot the sidewalk were his own garden plot. Under 
such plan the setting back sidewalks widen the roadway can under- 
taken whenever desirable; furthermore, the city retains control the tree 
planting and parking along streets, thereby being position add greatly 
their attractiveness. 

The problem increasing traffic facilities after property has been highly 
improved much more complex and difficult than planning with proper fore- 
sight when acre property being sub-divided. The widths streets Amer- 
ican cities are not adjusted the requirements skyscraper district. 
municipalities have now blundered along the point where every lot owner 
counts his right high into the air with his building, regardless the 
light and sunshine which takes from his neighbor, the question well 
asked what shall done about and Mr. Tuttle’s paper timely and 
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valuable. Toward the solution the problem the writer makes the following 
contribution embodying suggestion which would appear quite feasible 
many cases, although, course, requiring legislation before can 
applied. When the suggestion was first made some years ago had mind 
the widening Eldorado Street, Stockton, Calif., north and south street, 
now ft. wide, but which should least 120 ft. wide. The widening 
this street near-by parallel street will some day imperative. Why 
not acquire the necessary land purchase once that future improve- 
ments will adjust themselves the wider street? the city had the authority 
could effect the acquisition the necessary land, with the understanding 
that the present owner would left possession for fairly long term, say, 
years. The owner would paid the market value the property or, 
possibly, any reasonable amount which himself might fix adequate com- 
pensation, but with the understanding that take from the city lease 
yield (in some cases, perhaps, high 7%) per annum the amount 
which paid him for the property. 

Such arrangement would give owner years, the case may 
be, adjust his business the new street lines. His remaining property 
would appreciate value reason the street widening. could, 
course, use the funds obtained from the city just were loan 
bank the fixed interest rate. would longer pay taxes the property 
acquired the city; the other hand, the city which can borrow money 
bond issue 4.5% would obtaining from its leased property 
14% per annum more than the financing the proposition costs, and this 
excess would materially reduce the actual cost the street widening when 
finally undertaken. Where property owners are unwilling lease back from 
the city, the alternative would still remain purchasing and taking immediate 
possession fair price can agreed on, deferring the purchase, with 
possible ultimate recourse condemnation proceedings. believed that 
owners generally, particularly down-town fully improved areas, will readily 
see the advantage the sale good price with long-time undisturbed 
right remain possession tenant. Under such arrangement they 
would assured full realization the present remaining value their 
improvements. 

The acquisition property long advance the time when 
taken over might also applied another way improve the facilities 
which the down-town street affords. Again, looking ahead, would seem 
quite feasible acquire purchase once right way for sidewalks 
inside the property line, taken possession years the future. 
this case, the idea acquire easement for passageway about 
ft. wide and ft. high. This, too, under such plan would bought 
for generally the lot owner’s owner’s and tenant’s price, subject 
the understanding that thereafter rental would paid the city (about) 
per annum the amount paid for the easement. the modern 
building, least the portion that would thus have abandoned 
the public, can readily amortized 30-year period. devoted 
high type use, the price asked will high, but, offset, the rent 
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obtained the city on, say, basis, will correspondingly high. The 
margin between 4.5% interest the improvement bonds and 
4%) would completely amortize the cost the city 
years, after which time the easement would stand the books having cost 
the city nothing. Meanwhile, the case outright purchase prop- 
erty and release the original owner, there would change for long 
period the use the property, and the end this period the owner would 


obtain all the benefits the arcade arrangement, well pointed out the 
author. 
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THE DESIGN MULTIPLE-ARCH SYSTEM AND 
PERMISSIBLE SIMPLIFICATIONS 


Discussion* 


Harper 


ticity provides neat and most effective solution problems indeterminate 
structures. For the development this theory and its various applications 
engineers are indebted the late Professor Ritter, Zurich, Switzerland, 
who devoted lifetime work this field. Mr. Janni deserving credit 
for his clear and scholarly presentation the general theory this paper, 
and for having done more than any other engineer introduce this method 
into American practice. 

The speaker has been familiar with the method for many years, and has 
used the design various indeterminate structures, including arches 
steel and reinforced concrete. Another practical problem which this 
method yields solution striking advantage the construction deflection 
influence lines for the determination maximum deflections long-span 
structures. Applications the elastic ellipse the analytical and graph- 
ical analysis arch ribs are also presented the volume “Plain and 
Reinforced Concrete Arches”, which the speaker translated from the work 

The author has clearly presented the standard method applying the 
ellipse elasticity the analysis arch ribs. There another 
method for solving the problem, also based the elastic ellipse, but far 
more direct its application, giving the influence line for any member 
section hingeless arch rib directly the construction single funicular 
polygon. dispenses with the long string preliminary funicular polygons, 
with the construction reaction intersection locus and envelope curves, and 
with the entire laborious procedure drawing reaction lines for each panel 
load, scaling the intercepts, calculating the resulting moments for each sec- 
tion for each panel load, and then plotting the final results the form 
influence lines. 

The direct method follows: obtain the moment influence line 
for any panel point arch rib, consider unit force applied along the 
anti-polar that panel point with respect the central ellipse; the result- 
ing deflection curve the arch the required moment influence line. This 
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deflection curve simply obtained the funicular polygon the static 
moments the elastic weights with reference the anti-polar. 

The construction simple for any particular influence diagram desired. 
the case the problem the single arch treated the paper, where only 
four sections are investigated, only four funicular polygons would have 
drawn. ‘These would the final influence lines. 

This method only another application the principle which the 
speaker first published number years ago: “Every influence line 
deflection diagram.”* 

There minor point nomenclature which deserves attention. Mr. 
Janni refers the critical points section “kernel The 
speaker has always referred them “core points”; and other writers have 
labeled them “kern points.” Although makes little difference which name 
used, certainly desirable the early stage development subject 
avoid future confusion adopting single name for given idea. These 
various terms are attempts translate the German word, “kern”, which 
defined the dictionaries “core” “kernel”. The speaker prefers the 
form “core points” for several reasons. These points possess particular 
significance themselves, but derive their importance from the fact that 
they are points the boundary significant area which suitably termed 
the area”. The “core area” any section the area through which 
the resultant must pass order that there shall tensile stresses the 
extreme fibers. this concept attention focused the area; and such 
area better represented the word, than the words, “kernel” 
“kern”, particularly the first name less foreign and more accord with 
engineering terminology. 

The title and introductory paragraph the paper indicate that its pro- 
fessed object was investigate the permissibility some simplifications 
multiple-arch analysis. careful reading the paper does not reveal what 
simplifications the author had mind, nor how has shown their permissi- 
bility. 

The results presented Mr. Janni prove what generally known, that 
not permissible disregard the elasticity the adjacent spans inves- 
tigating the central arch three-arch system; but has not touched 
the broader and more interesting problem the extent which per- 
missible disregard the remaining spans system more than three 

the object the paper was, indicated the “Conclusion”, show 
that unnecessary consider loading the outer spans investigating 
three-arch system, the author has not completed his demonstration; -he has 
evidently overlooked the possibility (which may upset his conclusions) the 
two outer spans being loaded simultaneously. provide for this condition, 
the respective side-span influence lines presented Plate would have 
added together (the influence area for Section IV, being thereby 
before the areas could compared with the main-span influence areas. Until 


Record, November 25, 1916. 
Proceedings, Am. Soc. E., August, 1924, 763. 


this has been done and certain details have been clarified, the only conclusion 
indicated the author cannot accepted valid. 

“Plain and Concrete Arches” (previously referred to), 
there are two chapters “Arches with Elastic Abutments” and “Arches 
Continuous over Several Spans.” these chapters, the various problems 
elastic piers and multiple-arch systems are treated. Several methods 
analysis are given, varying degrees precision and simplification, ranging 
from the exact theoretical analysis the simplest short-cuts for approximate 
The simplication (which Mr. Janni attributes Professor 
Guidi) considering only three spans multiple-arch system, presented. 
Other simplifications are analyzed and applied, such disregarding the trans- 
mission moment and rotation effects adjacent spans, and assuming that 
the elastic yielding the ends span consists only horizontal displace- 
ment due (the arch thrust). 

Investigations indicate that the transmission the H-effect through 
series arches the most important feature continuous arch action. The 
transmission the angular change due the rotation and horizontal 
displacement due the end moments, and the displacement due the 
vertical reactions, may generally disregarded; but not safe, gen- 
eral, disregard the transmission the horizontal displacement, due 
from the loaded arch through the adjacent spans the spans beyond. 

The permissibility the various simplifications mentioned will depend, 
course, the degree rigidity the intermediate piers. This factor 
also affects the general economic problem continuous arch systems. 

The inherent economy arch construction produced the effect 
the horizontal thrust, counteracting the ordinary bending moments due 
vertical loading. multiple-arch system, the arch effect (represented 
the value reduced virtue the continuity. the extreme 
case, assuming the intermediate piers non-resisting, the value for 
single loaded span reduced the inverse ratio the number spans. 
The result material increase the bending moments calculated for 
single span, since the relieving effect arch action has been much dimin- 
ished; each additional span taken into consideration will augment the calcu- 
lated bending moments the loaded span. This tendency modified, 
course, the resistance introduced the intermediate piers. Consequently, 
the rigidity these piers not only governs the question permissibility 
simplifications, but. also affects the economy the continuous design. 

From appears that there are conditions under which will pay 
choose massive piers rather than elastic piers, isolate the separate 
spans and thereby avoid the loss economy due continuity. The question 
the economic dividing line for the choice, the determination the 
relative degree rigidity arches most desirable, problem 
deserving further investigation. 

the foregoing remarks, the speaker has attempted indicate some 
the questions multiple-arch design and permissible simplifications which 
hoped find discussed the paper. 
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determining the functions for the ellipse elasticity may 
interest. apparent that two points, fairly close together, determine the 
conjugate axis. this axis forms base line for most the work following, 
seems better determine its direction analytically. Referring Fig. 
let the x-axis make angle, with the horizontal and let and denote the 
co-ordinates the points, ...... 11, with respect rectangular system 


through origin. Then, tan due regard being paid the 


sign the co-ordinates. 

The anti-poles require considerable graphical construction. Their positions 
may likewise determined analytically. Fig. 8,§ let the anti-pole 
with respect the z-axis (again selecting rectangular system through @), 
and let the co-ordinates, P-P, and respectively; and are 
the co-ordinates the center, with respect the center gravity the 
arch, Let the anti-pole with respect the y-axis, and vy, the 
corresponding co-ordinates the anti-pole with respect ‘Let the 
angle that the major axis the ellipse makes with the the arch. 
Then: 

sin 
are the major and minor semi-axes the ellipse. Replacing and 
their approximate values terms the arch data the length 
voussoir, the radius gyration) 

cuss paper this nature without appearing hypercritical; the writer feels 
confident that Mr. Janni will understand his attitude. Truth not thing 
that can long suppressed because fear that the one who takes the other 
side argument may hurt the statement that truth. Progress 
not attained allowing ideas congeal and reach state alleged estab- 
lished fact, especially the ideas that logic and test prove controvertible. 
For example, among the ideas now threatening “freeze,” are these, that 
reinforced concrete arch elastic structure and that arch abutment 
can made fixed ended. 


Section Engr., Public Service Comm., First Dist., New York, 
Received the Secretary, August 25, 1924. 

Proceedings, Am. Soc. E., 1924, 789. 

Structural Engr. (Robert Hunt Pa. 

Received the Secretary, August 29, 1924, 
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Papers. 
This paper value value according these ideas are true 
false. pertinent, therefore, look into the fundamentals which the 
paper based. great deal the literature reinforced concrete built 
these same two ideas, and can substantiated all this literature 
must appraised accordingly. 

One the indictments against standard practice reinforced concrete 
design previously noted the writer,* was that reinforced concrete arches 
cannot considered elastic arches and should not designed such. 
Mention was also made the error merely assuming that the ends 
arch are fixed and then making provision the design for attaining this 
condition. 

The mathematics the elastic arch very complicated and tedious and 
the tendency, where elaborate cloaks figures are used, obscure any 
shortcomings the assumptions, reason the neatness with which the 
mathematical problem solved. 

The economy the elastic arch, considering the arch ring alone, makes 
its use attractive, particularly because the assumption fixed-endedness 
the arch ring. Also, the idea fostered the designer’s mind that be- 
cause the supposed accuracy the method, high unit stresses—a small 
margin safety between stresses and ultimate—can utilized. 

The actual elastic properties concrete, where straight beams are con- 
sidered, are little moment; for spite the elaborate methods locating 
the neutral axis, tests vitiate all these efforts, and found experimentally 
close the middle the depth the beam, regardless the amount 
steel reinforcement. The principles good design would way 
disturbed agreed fixed position the neutral axis reinforced con- 
crete beam were used for all percentages reinforcement. 

The modulus elasticity concrete varies considerably, even for speci- 

mens made apparently the same kind materials. also varies for dif- 
ferent intensities stress, which means variation the same cross-section 
member bending. The first these inconsistencies could not allowed 
for mathematically; the other, the law its change should discovered, 
might yield analysis adding manyfold the complexity already 
overburdened mathematica! solution. 
arch could made glass, annealed for several months, and then 
could fully anchored perfectly rigid abutments, would fit the 
elastic theory; but since concrete falls short true elasticity, even small 
specimens, when poured large masses subject initial internal 
stresses that are totally unknown, although their existence fact that can- 
not denied. Shrinkage concrete and the non-homogeneity the several 
batches are factors that make concrete arch far from the truly body 
that fits unstressed condition the shape its support, according the funda- 
mental assumptions. 

Furthermore, steel reinforcement concrete arch contributes materially 
the lack true elasticity and the fact that unstressed its original 


“Some Mooted Reinforced Concrete Transactions, Am. Soc. E., 
Vol. LXX (1910), 
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condition. Shrinkage the concrete puts initial stress the steel, and any 
calculations equivalent moment inertia based unstressed steel and 
are vitiated this undisputed fact. 

The whole fabric the method designing reinforced concrete 
elastic structures stands falls according the deflection reinforced 
concrete beam under test can cannot accurately determined compu- 
tation. Tests prove that this deflection cannot even approximated 
computation. nutshell, the proof that the elastic treatment 
the reinforced arch improper. 

Tests proving the impossibility computing predicting the deflection 
reinforced concrete beam have been cited Professor Lanza,* which 
two identical beams showed results almost 100% apart. This not un- 
usual finding. 

Most arch abutments have their foundations earth. Earth foundations 
always settle more less. The settlement the abutment arch would 
not uniform, are harmless settlements building foundations; would 
rocking rotation, reason the fact that the intensity pressure 
greater under one edge the abutment than under the other. There 
way avoid this condition, except adding wasteful mass the abut- 
ments. exceedingly small rotation the abutment arch vitiates 
entirely all assumptions concerning stresses and renders quite useless the 
elaborate fabric figures utilized the calculations. 

The fact that the mass concrete that necessary add the 
abutments concrete arch great that greatly exceeds the alleged 
saving the ring the arch due considering that arch ring elastic and 
fixed-ended instead inelastic and hinged-ended. This phase the design 
reinforced concrete arch, namely, the proportions the abutments for 
rigidity position, never considered, however, the literature the 
elastic arch. 

What about the arch that founded rock? Bendigo, Australia, 
some years ago, skew arch This arch had especially massive abut- 
ments and was securely founded solid rock. Charles Rathbun, Am. 
E., has shownt that the thrust skew arch, theoretically, 
uniform intensity the extreme point the acute corner, the arch 
fixed-ended. This arch failed crushing the obtuse corner, proving that, 
common sense would dictate, the thrust took the short course and created 
excessive pressure the obtuse corner. the theory correct, this 
demonstration that even founding arch solid rock does not make 
fixed-ended arch it. 

Clyde Morris, Am. Soc. E., states§ that tests skew arch 
laboratory show that the greater part the reaction close the obtuse 
corner. some cases the reaction the acute corner negative. Professor 
Morris points out that states that “Skew arches may treated ex- 
actly right arches, the span being taken parallel the center line the 


Journal, Am. Soc. Mech. Engrs., Mid-October, 1909. 
Engineering Record, April 16, 1910.. 

Proceedings, Am. Soc. February, 1924, 133. 
Engineering News-Record, April 20, 1922, 638. 

“Reinforced Concrete Vol. III, 43. 


roadway and not right angles the springing lines the arch.” Theo- 
retical conclusions such this, based solely hypothetical elastic properties 
concrete have been proven laboratory tests and experience with 
structures incorrect and dangerous. 

recent light the unsoundness the assumption 
arches, either for square arches skew arches, has been pointed out* 
that discussion before the Society tests full-sized arch bridge 
(119-ft. span) proved that the rotation the piers perceptible, although 
the piers are founded rock. The significance this fact tremendous; 
means that large amount very intricate theory taking large space 
standard works and the publications Engineering Societies 
value. The writer has been publicly making this claim for seventeen years. 
The elastic theory reinforced concrete arches based premise that 
false its conception, which involves absolute fixed-endedness the abut- 
ments. All designs made the elastic theory are wrong just the proportion 
that the dimensions and sizes are influenced the dictates this theory. 

Forms settle, abutments settle and rotate, and concrete shrinks setting. 
designer has right hide behind the theory perfect elasticity, when 
common sense would tell him design his arch row blocks, hinged- 
ended, and then anchor the arch into the abutment for additional safety, and 
avoid skew arches such matter how pretty the theory looks. 

Two notable cases failures both which occurred Germany, 
illustrate what may happen when ultra-theoretical ideas are carried their 
logical conclusion. These arches were most carefully made fit the theory; 
the designer provided cast hinges the ends and the crown. The arches 
promptly collapsed with little load the ribs except their own weight. 
One failuré “attributed technical expert employed investigate it. 
the use improper lubricant the faces the hinge joints.” 
ridiculous believe that proper lubrication would have saved this structure. 
the designer had used more common sense and less alleged theory—had 
anchored the ends into the abutment and continued the rods through the 
crown and poured concrete where these expensive cast shoes were used—the 
structures would doubtless standing to-day. 


several years acquaintanceship, the writer has been led believe that the 
author considers the ellipse elasticity panacea for all the ills the 
structural designer. this belief, Mr. Janni seems stand alone, because 
little has been written that subject this country.|| writers, Messrs. 
Moreell and have treated the ellipse elasticity purely explan- 


Engineering News-Record, January 24, 1924, 159. 


One these failures described Engineering News-Record, January 1923, 
35; the other described Engineering News, October 27, 1904, 374. 


Structural Engr., Concrete Steel New York, 


Soc. Engrs., Vol. XVIII (May. 1913), and also his contribution Vol. III “Reinforced 
Concrete Construction”, Hool “The Method Ellipse Elasticity and Its 
Cortinuous Arches Elastic Piers”, Moreell, Jr., Journal, Western 


Soc. Vol. XXII (1917), 406; and “The Mathematical Theory the 
Arch”, Willis Whited, Am. Soc. B., Proceedings, Engrs. Soc. Western 
vania, Vol, 271. 
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atory manner and have not proclaimed its supposed virtues. The ellipse 
elasticity also conspicuous its absence from European literature, with 
few exceptions, noted the author.* Quite recently, discussing the sub- 
ject with Swiss graduate from the Polytechnic Zurich, where Professor 
Ritter held chair for many years, the writer learned that the students 
this renowned school learned little nothing about the ellipse elasticity. 
Europe, seems regarded analytical curiosity, and contrary 
the author’s statement* not extensively taught used and has 
special virtues, which aid the solution “of the most difficult problems 
engineering where the analytical methods are found impractical.” 

Culmann conceded have been the founder graphical statics. 
was the first show the relation between force and string polygon and 
recognize their proper use problems statics. He, however, his enthu- 
siasm, attempted build system graphical statics free from the influ- 
ence mathematics and sought base his work purely geometrical con- 
ceptions. Euclidean geometry was not sufficient for his needs resorted 
projective geometry which has never found favor with the majority 
engineers. Consequently, when revised his first book, used the more 
acceptable analytical geometry. who had been pupil Culmann, 
was equally desirous keeping graphical statics purely geometrical basis 
and gave his that did not believe proper label his work 
graphical statics unless was kept such basis. Furthermore, Culmann 
applied his graphical statics Poinsot’s ellipse inertia and used 
extensively problems involving moments inertia and products inertia, 
principal and conjugate axes, and the determination core areas and stress 
distributions sections under direct stress and bending. further 
expanded the same conceptions problems involving deflections entire 
structures because believed that the “ellipse elasticity”, called it, 
could used fundamental conception offset the then increasing 
popularity the laws virtual displacements. 

Since that time (1888) the general use graphical statics seems have 
fallen more and more into disfavor, and engineers who must design structures 
for rather than for pleasure prefer happy combination 
and graphics. very likely for this reason that the Engineering 
Profession has never fully accepted the ellipse elasticity and has 
with other curios. However, the pendulum may swing the other direc- 
tion, the ellipse elasticity may dusted off, and again the polars will rotate 
about the anti-poles. 

The chief application the ellipse elasticity the analysis inde- 
terminate arches with solid webs trussed ribs. Even this case its 
advantages are questionable. trussed ribs, this method disregards the 
effect the web members the deflections the structure. This 
erroneous, clearly shown George Swain, Past-President, Am. Soc. 


Proceedings, Am. Soc. E., August, 1924, Papers and Discussions, 772. 
“Anwendungen der Graphischen Preface Vol. 


E., discussing his paper entitled “On New Principle the Theory 

The author’s application, however, erroneous because neglects all the 
web members. solid beams, the deformation due shear often 
generally neglected because (1) cannot accurately determined, and (2) 
small. trusses, the deformation due shear may determined 
accurately for the chords and may considerable. Professor Ritter 
cites case which -the deflection due the web members was 41% the 
total. Mr. Janni, therefore, ought classify the various structures which 
the influence the web members the deflection the structure negligible 
and should not content himself with the single that: “In most 
engineering problems not necessary take into consideration the deforma- 
tions the web members system.” 

the case the solid reinforced concrete the solid web arch 
the plate girder type, the only advantage the method the ellipse 
elasticity over prevailing methods analysis that automatically takes 
care the stresses due the shortening the arch axis under dead and 
live loads. These so-called arch shortening stresses are usually computed 
separately, but may also automatically included the usual methods 
arch computation adding the denominator the formula for the 


horizontal thrust factor which adequately takes care the added deflection 
due arch 


This fact concerning the ellipse elasticity, namely, that takes care 
the dual deflection the arch rib due bending moments and direct stresses, 


seems not clearly understood the author. page 771,§ under 
states: 


“The effect temperature change, well that shrinkage con- 
crete due both the setting the concrete and the dead load and live 
loads, not presented this paper. The problem has been solved only for 
the live load, and manner which, the present state knowledge, 
represents the most complete solution that can desired.” 


has committed the same error elsewhere.|| will examine the papers 
Messrs. Moreell and Whited, will find clearly stated that further 
arch shortening stress computations are necessary the use the ellipse 
elasticity. his “Anwendungen der Graphischen Statik”, referred 


previously, Professor Ritter also clear this point. Except for the double 


rotations due bending moments and direct stress, there would anti- 

poles cause trouble and minor axes the elemental ellipses elasticity. 
Regarding the graphics the method illustrated Plate there 

nothing new novel. The same set polygons are also obtained graphically 
Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), 


Proceedings, Am. Soc. E., August, 1924, pp. 


and Reinforced Concrete Melan; translated Steinman, 


Proceedings, Am, Soc. E., August, 1924. 
XVIII (May, 1913), and “Reinforced Concrete Hool, Vol. 


Proceedings, Am. Soc. E., August, 1924, 


other methods vogue. advisable avoid the method utilized 
Mr. Janni because the inaccuracies and awkwardness some the con- 
the struction (for example, the small force polygon with pole Any error 
this small force polygon may mean large error the influence line for the 
(2) horizontal thrust, 
the application the ellipse elasticity the problem the multiple- 
arch system, developed Professor Camillo Guidi and Professor Lossier, 
the and explained English Professor Moreell and the third volume 
Hool’s “Reinforced Concrete Construction”, there first glance decided 
gible advantage. Nearly all other methods solving this problem necessitate the 
most solution number simultaneous equations, consequently, any method 
rma- which obviates such equations would desirable; but here, the writer wishes 
call attention the incompleteness the problem. The author has selected 
the easiest case for his demonstration—a symmetrical arch supported two 
equally elastic supports (end arch and pier). complete solution would 
for all the influence lines for the end arches and the attendant influence 
and lines the remaining two arches. the outer ends the arch system, 
uted used Mr. Janni, are fixed, the stresses these arches will different 
from those the central arch especially the outer skewbacks. 
the the conclusion the paper, the author states that Professor Guidi has 
‘tion suggested that, long series arches one system, only three adjacent 
arches need considered the elastic system necessary for the analysis and 
that all arches either side this system can neglected. The suggestion 
good one, but every series arches has two ends, the author has not 
completed his problem because has not shown what occurs the ends and 


the end arches. the method the ellipse elasticity, would entail 
greater amount work than was necessary the limited analysis given the 


con- paper. Likewise, Mr. Janni’s influence line for the base the pier Section 
S-S (Plate holds only for loads the center span, A,. What shape has 
dge, the influence line for load Span Span A,? From analysis 
similar series arches, but with higher rise ratio, the writer finds that the 
pers stress the outer skewback section may 20% higher than the stress the 
skewback sections the center arch the system and therefore, cannot 
ipse agree with the that matter how many arches constitute system, 
all are designed according the influence lines drawn for the center arch, 
A,, the system safe. This also throws doubt upon the correctness the 
paragraph “Dead although for practical purposes, the dead load 
stresses the three arches may considered equal, varying far the 
writer has investigated only small percentage. 
ally The author asks for simplifications; unfortunately, there are simplifica- 
tions for this method—once started, the designer must follow through the 
entire process. There are, however, other methods, which offer certain 
man, advantages control. Those interested would well read “Der Durch- 
laufende Gelenklose Bogen auf Elastischen Stuetzen”, Ernest Pichl, which 
analytical method and fully explained example. 


Proceedings, Am. E., August, 1924, 763. 
Loo cit., 771. 


a 
4 
4 


designer would plan system arches for bridge purposes the 
slender outlines suggested Mr. Janni for the purpose demonstration, 
regrettable that did not show the effect the influence lines doubling 
trebling the pier thicknesses. Thickening the piers would reduce the 
negative bending moments the skewbacks and decrease the positive bending 
moments the crown. 


By 


THE INTERCONNECTED POWER SYSTEMS 
THE SOUTHEAST 


Discussion* 


Am. Soc. speaker agrees with the 
author that the super-power survey more process evolution and growth 
than investigation and work. development the South- 
eastern States such character and being conducted such manner_ 
that the near future there will interconnecting and interchangeable 
system power lines extending into all parts the seven Southern States 
beginning with the southern part West Virginia, and extending across 
Virginia, North Carolina, Tennessee, South Carolina, and Georgia, Alabama. 

The author has shown clearly and comprehensively how successfully the 
Alabama Power Company, the Georgia Railway and Power Company, the 
Southern Power Company, and the Carolina Power and Light Company have 
operated relaying power from the steam plant Sheffield, Ala., Raleigh, 
distance about 900 miles. has also called attention the co- 
operation these several companies leasing the United States Government 
plant Sheffield, Ala., such co-operation pooling interests being the 
beginning wonderful power organization that will insure more efficient 
relaying power the Southeastern States. This wonderful advantage 
the producer and consumer. has meant that the co-operating 
have been saved from serious interruptions power service, and that they have 
been able supply power all times their customers, which great 
advantage both companies and consumers. 

There still greater advantage this co-operation, that has accrued 
these Southern States. Thousands employees the cotton-mills 
and other industrial plants have been kept work virtue the power 
supply furnished their plants from distance. This insurance against 
shut-downs one the greatest benefits derived from interconnection, and 
one that great advantage the State; should particularly impressed 
the consumer and the people the several States. 

well known, there has been great deal controversy between the 
producers and consumers, particularly over the question rates. some 


This discussion (of the paper Charles Adsit, Am. Soc. E., presented 
the meeting the Power Division, April 10, 1924, and published October, 1924, 
published Proceedings order that the views expressed may brought 
before all members for further discussion. 


Director, North Carolina Geological and Economic Survey, and Pres., Western North 
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States this has reached the point where considerable number the people 
have been made feel that the power companies have obtained monopoly 
and are trying impose upon the industries the State, get control 
all the power, and thus have the public their mercy. Considering what these 
power companies are really doing—how they are co-operating with each other 
make more effective and efficient the distribution power throughout the 
State, and are trying get this message regarding the power companies 
the people, what means the State co-operative effort—it ought 
soon possible create better understanding between consumer and 
producer, between the people who are dependent work and supplies, the 
power that developed these power companies, and the companies them- 
selves. the season 1921-22, when the relaying power from the Sheffield 
plant Raleigh had made possible for the Carolina Power and Light Com- 
pany distribute power its consumers, meant the keeping open the 
mills and factories that section North Carolina, and brought home the 
public the fact that the power companies were trying some service 
the people, and not simply making income out them. 

wonderful organization, such that referred to, practically opera- 
tion now. not corporation, nor organized association any sort, 
but has been collaboration these power companies, all experiencing the 
need certain times during the year for power obtainable from another 
company. Probably the end there will exist the Southeast what has been 
called and asked for throughout the country—a super-power system, rather than 
interconnection. There direct interconnection from Alabama Raleigh 
account the different voltage the transmission lines, but possible 
relay power from Sheffield Raleigh, and, short time, there will 
similar interconnection and relaying system from North Carolina into 
Virginia and Southwest West Virginia. Then, these seven Southern States 
will interconnected and able relay power from one the other. 

More serious consideration should given the location auxiliary 

steam plants, and particularly the location co-operative auxiliary steam 
plants. Consideration should also given the location these steam plants 
near coal mines. the past two years, there has been developed 
Central North Carolina deposit approximately 67000000 tons good 
coking coal, comprising the extreme eastern outlying coal-field. recom- 
mended construct that coal-field coking plant utilize the gas 
auxiliary steam plant and the coke for domestic fuel, deeming this method 
more efficient and economical than coal-operated, auxiliary steam plant. 
The work the Georgia Railway and Power Company the development 
what called the Tallulah System excellent, because considers the 
river development whole. There has been similar investigation two 
three rivers North Carolina during the past few years Thorndike 
Saville, Am. Soc. E., Hydraulic Engineer the North Carolina 
Geological and Economic Survey, with the object having these rivers con- 
sidered and. developed unit. 
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speaker has been particularly impressed 
with the author’s statement that the system the Southeastern States 
interconnected system, rather than super-power system. The term, “super- 
power,” conveys the idea high-voltage transmission system which has been 
constructed and operated for the sole purpose transferring large blocks 
power from one locality another, from one system another, first 
one direction and then the opposite direction, which customers are 
connected, except the large generating and transmission companies operating 
the various territories traversed. this definition correct, the system 
under discussion sense super-power sytem, but rather group 
small transmission and distribution systems, which have been thoroughly inter- 
connected. Practically all the transmission lines this system were built for 
the sole purpose transmitting power from some particular plant some 
particular load. addition, they may now supply many other smaller trans- 
former stations route; the use such lines now exist for transferring 
power from one company another has been distinctly secondary consid- 
eration. 

The system under discussion the result perfectly logical and evolu- 
tionary development which has taken place step step meet the growing 
demands for power this territory and not any sense the result 
study and predetermined layout for the territory whole would 
necessary the construction true super-power system. The development 
water power commercial scale, pointed out the paper, began 
almost simultaneously the few years prior 1912, the States North 
Carolina and South Carolina, Alabama, Tennessee, and Georgia. Plants were 
built each these States, and transmission lines constructed between these 
plants and the nearest load centers. soon these first lines were built, other 
loads were developed near-by and new extensions were made supply these 
new loads, the revenues received from the new connections, each case, 
justifying the construction expense involved. each system expands this 
perfectly logical manner, soon happens that they are approaching touch- 
ing each other various points, that the interconnection the several 
systems then involves the construction relatively short lines, and the expense 
this interconnection can justified from economical standpoint, 
although the interchange power over the new connection 
matter how important line may from technical engineering view- 
point, exceedingly difficult secure the necessary appropriation for its 
construction unless the returns will warrant the expenditures. 

The power companies these five Southeastern States have developed 
water power and constructed steam stations the approximate capacity nec- 
essary satisfy the load their respective systems. The interconnections 
have been utilized primarily passing power from one system another, 
certain the year when water shortage exists one system that 
may not exist the same extent another, when steam power could 
produced one system lower rate than another, other times 


Asst. Chf. Engr., Georgia Ry. Power Co., Atlanta, Ga. 
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emergency situations. This means that large blocks power have not been 
passed over the interconnections continuously; the greater part has passed 
one direction, namely, from the West the East account the large 
reserve steam capacity the Alabama System, but smaller amounts have also 
been transferred other periods the opposite direction. Thus, the figures 
for any particular year representing net power delivered one direction over 
any the interconnections appear small. The value the connection such 
emergency situations cannot set down dollars and cents, based the 
actual power transferred, but the net figure, referred to, the only record 
the end year the extent which the connection has been utilized. 
These figures, intimated, are not sufficiently large justify large expendi- 
tures for interconnecting lines. account these very considerations, 
impossible justify the construction real super-power system herein 
defined the Southeastern territory the present time. stated Mr. 
Adsit, the system which has been described now existing this South- 
eastern territory simply group interconnecting transmission systems, 
and not real super-power system. 

account the large territory covered these connecting systems, and 
the rapidity with which the entire development has taken place, many descrip- 
tive articles have appeared the technical press, and has frequently been 
held model super-power system. attracted particular attention 
during the World War connection with the surveys which were made 
the War Department the power resources the different sections the 
country, and many the articles which have appeared have been written 
Government engineers, men formerly employed connection with these 
surveys. seems the general impression that the development has come 
about largely through the recommendations made Government engineers 
reports the power resources this section. This not the case, all 
the large systems comprising the interconnected system the Southeast were 
joined before the Government undertook these studies, and only few addi- 
tional connections have been established since the initial report was submitted 
March, 1919. These connections would have been established without the 
Government surveys. The engineers representing the various power companies 
not claim have any monopoly information pertaining the possi- 
bility and advantages interconnections this nature. Many the recom- 
mendations the Government report are well made, but the real credit for 
the progress thus far must given the engineers the power companies them- 
selves, and not the Government, being true that, the early stages 
the development, the Government actually did more prevent these connec- 
tions from being made than assist the work. the general feeling 
among the engineers the power companies that the part taken the Gov- 
ernment the development water power and interconnection transmis- 
sion systems, through reports and recommendations, has hindered rather than 
promoted plans. 

There are some few disadvantages interconnection, but these are only 
minor importance. There is, however, many the articles this subject, 
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apparent tendency exaggerate the benefits which result from such inter- 
connection and picture the possibility real super-power system far out 
proportion what can economically justified the immediate future. 
Some writers foresee real super-power systems, extending almost entirely 
across the United States, into which power may delivered any company 
that connected and has surplus above its own requirements and from which 
any other companies may take power when their load requirements are 
excessive. 

claimed that large hydro-electric developments could then prose- 
cuted continuously and tied into the super-power system logical order, based 
the cost any development and the value its output the territory 
whole rather than some particular company. Large plants would 
loaded promptly, thus avoiding the loss now incurred the separate com- 
panies during the interval between the completion the plant and the growth 
its load. Steam capacity serve during low-water periods could likewise 
built large units having their location selected with proper regard the 
fuel supply and water conditions, rather than its proximity some par- 
ticular system. Under plan, all the hydro-electric power plants might 
located one State the system one company, and all the steam plants 
another State the system another company; both companies, being 
the super-power system, would derive the combined benefits. 

the light developments during the past ten years, would foolish 
state that such super-power system will never exist, present tendencies 
are undoubtedly this direction. must self-evident that such system 
can only exist and operated maximum advantage when the generating, 
transmission, and distribution systems the entire territory covered the 
lines have been brought under common control management. 
Past experience does not indicate that the Federal Government the people 
particularly desire take this course. 


Dana Am. Soo. E.—There has been much discussion 
recently concerning the advantages obtainable from the interconnection 
power systems. Several large systems different parts the country already 
have agreements for the interchange current; and operating economies have 
resulted. There is, however, need for some intermediate controlling agency 
order that still further economies may effected. 

Interconnection problems are developing new type calling, although 
not yet recognized. The railroad companies found useful create the 
official position “Train Dispatcher”; soon interconnected power systems may 
require the filling comparable position known perhaps “Load 
Dispatcher”. 

obtain the highest efficiency generating and transmitting power 
the combined territory several power companies this Load Dispatcher should 
independent each individual company, but responsible all. His duty 
will familiarize himself with the fundamentals rainfall and run-off 
throughout the territory which the generating plants are located and 
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compile all useful operating facts and data pertaining each plant and com- 
pany. will called predict, accurately present knowledge 
allows, the probable supply and demand for the near future. must know 
the cost power from the several sources available. result such 
studies, must control the output the various plants for the benefit the 
territory served. must anticipate shortages surplus power 
individual plants, and attempt prevent their occurrence. 

This ideal arrangement only doing larger scale what each company 
having several generating plants present doing, ought doing, 
for itself. cannot come pass, however, until the various companies are 
willing delegate large powers the Load Dispatcher and his organization. 
Perhaps, the final analysis, may necessary bring about some financial 
well physical interconnection between companies, that will tend elim- 
inate the obstacle selfish company interests. That such idea prac- 
ticable has already been demonstrated the late Walter Sawyer, Am. 
Soc. E., who succeeded inducing the various concerns along the Andros- 
coggin River, Maine, pool their interests the extent developing 
storage and manipulating run-off for their maximum benefit group. 
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will reproduced the volumes Transactions, Any information 
which will amplify the records here printed, correct any errors, should 
the Secretary prior the final publication. 


JAMES HAYWARD BACON, Am. E.* 
June 1924. 


James Hayward Bacon was born Chicago, December 30, 1859. 

After his graduation from Harvard University 1882, began his pro- 
fessional career with the United States Corps Engineers, and with the ex- 
ception three years, October, 1885 October, 1886, Draftsman and, 
later, Division Engineer, with the Dubuque and Northwestern Railroad 
Company, and from May, 1892, May, 1894, Engineer charge the 
improvement the St. Johns River the County Duval, Florida, 
was connected with the Corps Engineers until September 21, 1903. 

From June, 1882, July, 1884, Mr. Bacon served Rodman the 
improvement Cape Fear River, North Carolina, and from August, 
1884, April, 1885; was engaged Assistant Engineer and Assistant 
Superintendent under Maj. Ernst (now Maj.-Gen., (Retired)), 
Am. Soc. E., the improvement the Mississippi River between 
the Missouri and Ohio Rivers. From 1886 1892, held the position 
Assistant Engineer under Capt. Bixby (now Brig. Gen., 
(Retired)), Am. E., charge the survey Lockwood’s Folly 
River and, later, the Florida District, under Capt. Black (now 
had charge surveys the Manatee River, Charlotte Harbor, Tampa 
Bay, Sarasota Bay, St. Johns River, St. Johns Bar, and Ocklawaha River. 

From March December, 1895, Superintendent Dredging 
was engaged dredging Charlotte Harbor under late Maj. Hand- 
bury, Am. Soc. 

From February April, 1896, Mr. Bacon the construc- 
tion the concrete bicycle track Panama Park, Fla., and from May, 1896, 
1908, served Assistant Engineer the Florida District 
charge surveys the St. Lucie River, St. Johns Bar, Lower and Upper 
St. Johns River, Cumberland Sound Bar, and Biscayne Bay, and con- 
nection with the various duties incident the improvement rivers and 
the District. 

During the Spanish-American War, Mr. Bacon held Commission 
First Lieutenant the Regiment, Engineers, From September 
1898 March 1899, was employed designing gun and mortar batteries 
Key West, Fla., and the construction batteries the entrance 
Tampa Bay, Fla. 

resigning from the Government service 1903, Mr. Bacon accepted 
position with the Grand Trunk Railway System Canada and was assigned 
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the duty selecting harbor for this System. Prince Rupert, 
British Columbia, was chosen the site the harbor. Mr. Bacon was then 
engaged the construction terminals and hotels, the laying out streets, 


etc. the outbreak the World War, returned the United 


and entered into contracting and engineering work Virginia. the time 
his death, June 1924, was member the firm Bacon and 
Moore, with office Norfolk. 

1909, Mr. Bacon was married Miss Bessie Tyson, Jacksonville, 
Fla., who survives him. 

was engineer high standing, thorough every project that 
undertook, and will remembered less for his unquestioned integrity 
and kindly personality than for his professional work resulting benefit 
the general public. 


Mr. Bacon was elected Member the American Society Civil Engi- 
neers January 1900. 


ALBERT CARR, Am. Soe. E.* 
Diep 18, 1924. 


Albert Carr was born Collinsville, Conn., April 1859, the son 
Rodney and Esther (Pettibone) Carr. 

was graduated from Yale University 1883, and after two years 
general railroad practice, entered the rapid transit field 1885 Assistant 
Engineer the Brooklyn Elevated and Union Elevated Railroads, charge 
foundations, track, iron erection, 36th Street Terminals and Yards, litiga- 
tion surveys, and all field work including the construction the Broadway 
Cable Road. 

1893, was given charge the construction New York the 
Columbus Avenue Cable Road, Lexington Avenue and 116th Street Under- 
ground Electric, and, after 1895, all field work connected with the 
politan Street Railway Company, including the construction miles 
underground electric system. 1900, became Division Engineer the 
Rapid Transit Commission, charge construction the subway between 
the City Hall and 41st Street. 

1904, Mr. Carr was chosen Manager Construction and Chief Engi- 
neer the Mexican Light and Power Company, for which built power 
house, tunnels, pipe lines, etc., including the foundations the great earth 
dam Necaxa, this installation supplying the City Mexico, Oro, and 
Pachuca, Mexico. 

1906, the California disaster made necessary the prompt reconstruction 
the United Railways San Francisco. Here, Mr. Carr achieved great 
success the unique problem rush order for new and extensive street 
railway system for great city. His next assignment construction 
dam, power-house and allied works for the Colorado Power Company, after 
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which he, company with the late George Rice, Am. Soc. E., made 
the necessary investigations and report the Lacroze Subway Project 
Buenos Aires, Argentine Republic. Following this, his work was New York 
City almost continually, for some years Technical Counsel litigation 
the Interborough Rapid Transit, and during his last two years Chief 
Engineer Powers-Kennedy Corporation, Contractors for the Queensborough- 
Eighth Avenue Extension under 42d and 41st Streets. The only exceptions 
this continuity work New York was during the World War, when was 
especially helpful directing large numbers men the construction 
Government housing and Army Cantonments New London, Conn., 
Chillicothe, Ohio, and Camp Sherman, well other works 
Fortress Monroe, Virginia. 

Mr. Carr died his home East Orange, J., June 18, 1924. The 
his death was blood poisoning from injured hand, from which 
had suffered long time, and acidosis, final illness several weeks. 

was married February 1888, Josie Butterfield, Simsbury, 
Conn., who survives him, their six children, Mrs. Swain, Mrs. 
Wilson, Robert Carr, the Misses Laura and Lucy Carr, and Mrs. 
Tiemann, all whom had successfully completed their college work before his 
death. 

Mr. Carr was member the Congregational Church and the Yale 
Club New York. 

was widely known strict disciplinarian, which was irksome 
those few who are more interested what they can get out life than 
what they can put into it. His discipline, however, was never exercised except 
where necessary was stern and silent man the crowd which hurried by, 
but most gentle those who knew him. was such who came out 
rock-ribbed Puritan New England and who without the blare trumpets 
hope great reward wrought the base which our country stands to-day. 

Perhaps the greatest incident life death; the greatest hope, that 
ever delayed happy surroundings until theautumn the years; and the 
greatest reward such time such that Albert Carr who could well 
say: have fought good fight, have finished course, have kept the 
faith.” 

Mr. Carr was elected Associate Member the American Society 
Civil Engineers March 1892, and Member October 1903. 


CHARLES ADDISON FERRY, Am. Soc. 


31, 1924. 


Charles Addison Ferry was born Granby, Conn., January 1852. 
1871, was graduated from the Civil Engineering Department the 
Sheffield School Yale University, with the degree Bachelor 
Philosophy. 1891, received the degree Civil Engineer. 
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Soon after his graduation, Mr. Ferry entered the office the City Engi- 
neer New Haven, Conn., and was assigned charge party making 
survey and map the city. short time was promoted and placed 
special charge sewer construction and all work connection with stone 
arches, bridge abutments, retaining walls, which position retained until 
the early part 1892. 

From May, 1892, May, Mr. Ferry served Principal Assistant 
the office Hill, Am. Soe. E., Consulting Engineer, New 
Haven, his principal work being the design and construction water- 
works, sewerage systems, and the determination property lines. Mr. Ferry 
had much with planning the details the water-works systems New 
Haven and neighboring cities. 

From May, 1913, until his death, maintained private office for the 
general practice civil engineering. designed the Yale and was 
Resident Engineer its construction. This beautiful structure will stand 
monument his genius. 

Mr. Ferry was member the New Haven Chamber Commerce. 
also took active, responsible interest the affairs the Plymouth Congre- 
gational Church New Haven, and had much with the planning its 
new edifice. 

was man exceptionally clear, sound judgment, thoroughly reliable, 
and highly esteemed those who knew him. His family life was ideal. 

Mr. Ferry survived his wife and one daughter, Ruth Ferry, 

was Past-President the Connecticut Society Civil Engineers and 
contributed papers various subjects, including the Yale Bowl, the filtration 
plant the New Haven Water Company, and the reinforced concrete ammonia 
tank the New Haven Gas Company, its publications. 1916, also 
presented paper entitled “The Yale before the Society. 

Mr. Ferry was elected Junior the American Society Civil Engineers 
May 1881, and Member January 1889. 


FRANK MONTGOMERY KERR, Am. 


Diep May 1924. 


Frank Montgomery Kerr, the son Richard Hulton Kerr, Nassau, New 


Providence, Bahama Islands, and Priscilla McCarty Kerr, Cork, Ireland, 


was born New Orleans, La., February 28, 1851. His grandfather, Louis 
Kerr, the first the family come the America’s, was Governor General 
the Bahama Islands. 

Frank Montgomery Kerr was reared New Orleans, and educated first 
private tutors, and then the public schools that city. entered the 
Louisiana State University and Agricultural and Mechanical College 1867, 
from which was graduated 1871, with the degree Civil Engineer. 


Transactions, Am. Soc. E., Vol. LXXXI (1917), 249. 
Memoir prepared Charles Kerr, Assoc. Am. Soc. 
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Following his graduation, returned New Orleans, and entered the 
employ the State, under Gen. Jeff Thompson, Chief State Engineer 
Louisiana, with the title Assistant Engineers. Later, served Private 
Secretary the Chief Engineers the Louisiana Levee Company: the late 
Professor Caleb Forshey, Am. Soc. E., Mr. Bailey, Col. 
Hardy, and Mr. John Van Pelt. 1877, under the administration 
Governor Francis Nicholls, the duties the Louisiana Levee Company 
were absorbed the newly created Board State Engineers, and Mr. Kerr 
was selected Chief Draftsman for the Board, under the late Maj. 
Harrod, Past-President, Am. Soc. E., Chief State Engineer. served 
this capacity until 1882, under the late Benjamin Greene and Henry 
Richardson, Members, Am. E., after which was promoted the 
position Secretary the Board State Engineers. 1888, was pro- 
moted Assistant State Engineer and Member the Board State 
Engineers. served that capacity, under Major Richardson, until April, 
1904, when upon the appointment Major Richardson the Mississippi River 
Commission, Mr. Kerr was selected fill the unexpired term the Chief 
State Engineer Louisiana. was then successively re-appointed Chief 
State Engineer Louisiana 1904, 1908, 1912, 1916, and 1920. held this 
position the time his death 1924, and would have been re-appointed 
fill his sixth term Chief State Engineer had lived. Although never 
took active part politics, Mr. Kerr held the position Chief State 
Engineer Louisiana for years, and for years continuously served the 
same Department the State. 

1878, Mr. Kerr was married Almaide Kate Bonnabel, New Orleans. 
survived Mrs. Kerr and four children: Mrs. William Andrew Jack- 
man, Frank McCarty Kerr, Charles Macdonald Kerr, Assoc. Am. 
E., New Orleans, and Mrs. Bartlett Sims, Bryan, Tex. died 
while visiting Mrs. Sims, her Texas home. 

For number years was with the State National Guard 
Louisiana, serving Lieutenant Battery the Louisiana Field Artil- 
afterward served for several years Inspector Rifle Practice, 
with the rank Major, the staff Gen. John Glynn, and also the staff 
Governor Heard, with the rank Colonel. Major Kerr was expert marks- 
man, and engaged, member his regimental team, National rifle 
matches, which gained individual distinction. 

was Founder and Past-President the Louisiana Engineering 
Society, and always took active part its deliberations and management. 
was also member several fraternal organizations. 

Major Kerr was possessed kindly disposition and engaging personality, 
and his friends were numbered among the prominent men, not only his city 
and State, but the professional world large, which was directly 
interested. was considered authority matters pertaining the con- 
trol the flood waters the Mississippi River and its tributaries, and de- 
voted his life and energies the problems holding check the destructive 
forces the mighty “Father Waters”. gained distinction for the suc- 
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cess his efforts, and with the courage his convictions, held steadfast 
his opinions and ideals, and passed out this life with the confidence, love, 
and respect his fellow men. 

Major Kerr was elected Member the American Society Civil Engi- 
neers October 1901. 


JAMES ALBRO LAWRIE, Soe. E.* 


Diep May 21, 1924. 


James Albro Lawrie was born Hamilton, Ont., Canada, September 
23, 1862, the son Thomas and Lucinda (Atkins) Lawrie. came 
the United States early life and was educated Detroit, Mich. 

Mr. Lawrie began active work engineer supervising the construc- 
tion docks and grain elevators Lake Erie ports under his father. From 
1886 1888, was engaged the installation power plants various 
places the Eastern States. 

wert Sault Ste. Marie, Mich., City Engineer, which po- 
sition held designed the sewer and water systems and super- 
vised the various improvements that were carried out that rapidly growing 
worked that time with the late Rudolph Hering, Am. Soc. 
E., and with Charles Loweth, Past-President, Am. Soc. E., Con- 
sulting Engineers. 

Resigning this office 1902, Mr. Lawrie accepted position Louisville, 
Ky., charge foundry and machine shop work and the erection power 
plants Ohio and Kentucky. Subsequent 1905, worked Duluth, 
Minn., first Engineer for the National Iron Company, which position 
held until May, 1906, and thereafter with the Duluth, Missabe, and Northern 
Railway Company Assistant Engineer charge the office work 
the Chief Engineer. This position filled with great credit until his death 
May 21, 1924. During his service with this Company his natural engi- 
neering ability showed itself the design some the largest iron ore 
docks the Great Lakes, and many other important structures. 

1884, Mr. Lawrie was married Mary Boyd, Mercer, Pa.; 
survived his widow and one son, Wallace Lawrie. 

During his life Duluth, Mr. Lawrie was active participant every- 
thing that tends the upbuilding good community. took special in- 
terest outdoor life and was pioneer advocating the conservation 
natural resources. was the leader establishing the Local Chapter 
the Boy Scouts America and gave freely his time and energy this 
work, being member the Regional Committee No. 10, comprising the 
States Minnesota and Dakota. was member the Izaak Walton 
League America and was one the founders the Superior National 
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Forest Association, the work which took very active part. was 
also member the Duluth Engineers’ Club. 

Mr. Lawrie was elected Member the American Society Civil Engi- 
neers March 12, 1918. 


WALTER HOWARD SAWYER, Am. E.* 


Diep 21, 1928. 


Walter Howard Sawyer, the son John Marshall and Laura James 
Sawyer, was born Middletown, Conn., May 21, 1867. fatherless 
his youth, worked his way through school and was graduated from Brom- 
field Academy Harvard, Mass. 

Mr. Sawyer studied engineering the office Shedd and Sawyer, 
Boston, Mass., and the evening schools that city. From 1885 1902, 
served consecutively Leveler the New York and Boston Rapid Transit 
Railroad, Assistant Engineer with Mr. Bowditch, Boston, As- 
sistant Engineer with Mr. Edward Buss, Boston, Resident Engineer 
the hydro-electric development Rumford Falls the Androscoggin 
River, Rumford, Me., with the Burlington Woolen Mill, Winooski, Vt., 
and Assistant Engineer with Mr. Edward Sawyer, Boston. 

February, 1902, Mr. Sawyer was appointed Agent the Union Water 
Power Company, Lewiston, Me., having responsible charge the extensive 
storage system the head-waters the Androscoggin River and the large 
water-power interests that Company Lewiston. 1909 was appointed 
Agent and Hydraulic Engineer the Androscoggin Reservoir Company 
Lewiston, company formed for the purpose developing additional storage 
the head-waters the Androscoggin River, which connection pro- 
moted and helped design and build the Aziscohos Dam located Lincoln 
Plantation, which created storage basin with capacity 9500000000 
cu. ft. The development the resources these two companies was Mr. 
Sawyer’s great aim life. 

private practice, was member the firm Sawyer and Moulton, 
Engineers Portland and Lewiston, Me., from 1909 1914, and the firm 
Sawyer and Bean, Consulting and Hydraulic Engineers Lewiston, from 
1918 until his death. 

April 1900, Mr. Sawyer was married Helen Hayes, Welles- 
ley, Mass., who, with one daughter, Elizabeth Hayes Sawyer, and two sisters, 
survives him. 

Mr. Sawyer was the inventor adjustable log sluice for high dams; 
method measurement water electro-chemical means; and method 
sewage treatment; and the author “Monograph Ice Expansion.” 

was widely consulted water-power matters, especially water-storage 
problems, having been considered authority such questions, Profes- 
sionally, will remembered best for his work developing the 
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storage resources and regulating the flow the Androscoggin River 
Maine. his skill, his knowledge, his faith his projects, his tact and. honest 
methods, brought his visions practical completion, giving that section 
Maine prosperity which had never known before. 

matters served his home city Auburn, Me., Alderman and 
member the Water Board for two years, and was one the leaders 
the movement which gave the city its present City Manager form govern- 
ment. was responsible for the formation the Auburn Sewerage District 
and served member the Board. 

During the World War was active member the Maine Public 
Safety Committee, Secretary and Treasurer the Androscoggin County Com- 
mittee Public Safety, and member the Federal Milk Commission 
New England for the State Maine. 

Mr. Sawyer was practical man, firm believer private and 
hard work, and possessed high sense honor and justice. His business 
associates, neighbors, and many young men struggling for education, know 
the kind heart the man whose keen judgment, pleasant word, and practical 
assistance made the day brighter and the path life easier. His home was 
delight his friends; his love flowers and children gave glimpse the 


splendid heart the man. One who knew him boyhood paid him this 
tribute: 


“He was cheerful, earnest, thorough going all the way along; know him 
was appreciate the full measure his manhood. The world richer for 
his journey through it, the poorer for that journey’s having come too 


early end”, 

was member the Boston Society Civil Engineers and the 
New England Water Works Association, Charter Member and Past-Presi- 
dent the Maine Society Civil Engineers, member the Society 
Municipal Improvements, and numerous clubs. June 1920, the 
honorary degfee Master Science was conferred him the University 
Maine recognition his attainments the engineering field. 


Mr. Sawyer was elected Member the American Society Civil Engi- 
neers May 1906. 


JOHN PAUL HEALY, Assoc. Am. Soe. E.* 


1924. 


John Paul Healy was born Washington, C., March 31, 1857. After 
receiving school education, went into the building industry, study- 
ing meanwhile under private tutors. 

Mr. Healy followed construction work for several years, later becoming 
Superintendent. 1900, was appointed Assistant Inspector Build- 
ings the Building Department the District Columbia. specialized 
the computation and design structural steel and, later, the checking 
and construction reinforced concrete. 


Memoir prepared Morris Hacker, Esq., Washington, 
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1909, Mr. Healy became the Principal Assistant Inspector Buildings 
and, 1918, was appointed Inspector Buildings direct charge the 
Building Department the District Columbia, which position held until 
his death. His long experience, training, thoroughness, and quiet conscientious 
character particularly fitted him for such work, and became recognized 
expert. 

His untimely death mourned not only his wife and eight children, 
but also his associates, who recognized him man who through his own 
industry and sterling character had won the admiration and confidence both 
his colleagues and the public whom ably served. 

Mr. Healy was elected Associate Member the American Society 
Civil Engineers December 1910. 


DANIEL ANDERSON TOMLINSON, Assoc. Am. Soc. E.* 


Diep 1924. 


Daniel Anderson Tomlinson was born Detroit, Mich., April 17, 1890. 
received his early education the Schools Detroit and spent 
one year Lake Forest College, Lake Forest, Ill. then entered the Massa- 
chusetts Institute Technology from which was graduated with honors 
1912. Later, took special work Armour Institute, Chicago, 

Mr. Tomlinson began his engineering career Draftsman the Subway 
Division the Department Engineering, City Chicago, and held this 


position from September, 1908, July, 1909. His work consisted the 


preparation maps showing the location utilities down-town streets; 
preliminary plans for proposed down-town subway; traffic studies surface 
and elevated lines; estimates future population; and traffic and other studies 
for subway report. 

During his college vacations 1910 and 1911 served Foreman 
ditching gang for curb and gutter contractor the Great Lakes Naval Train- 
ing Station, Great Lakes, and Draftsman for the Chicago Western and 
Indiana Railroad Company preliminary plans and studies for track eleva- 
tion, for clearing yard, and for terminal changes. 

June, 1912, Mr. Tomlinson returned the Chicago Western and 
Indiana Railroad Company, with which remained until June, 1917. 
During this period, held the position Assistant Engineer making investi- 
gations and reports track elevation, yard construction, valuation, and 
terminal facilities. also assisted Arnold, Am. Soc. E., 
work connection with his report covering the terminal situation Chicago, 
with special reference the proposed Union Station Ordinance. 

From June November, 1916, Mr. Tomlinson served Supply Sergeant 
with Company Engineers, National Guard, which was mustered 
into Federal Service for five months’ duty San Antonio, Tex. June, 
1917, the Company was again called for duty during the construction Camp 


Memoir compiled from information supplied Blake, Am, E., and 
from papers file the Headquarters the Society. 
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Grant, and Mr. Tomlinson, then Second Lieutenant, was assigned 
Adjutant the Constructing Quartermaster, with duties similar those 
Assistant the Chief Engineer civil work. 

August 27, 1917, entered the Second Officers’ Training Camp Fort 
Sheridan, and November 26, 1917, was commissioned First Lieutenant 
and stationed Fortress Monroe, Va., Instructor Railroad Artillery and 
Orientation the Coast Artillery School. September 26, 1918, was 
commissioned Captain the Coast Artillery. this time prepared 
several bulletins and lectures, including revised edition “Coast Artillery 
Notes No. 11”. received his discharge January 25, 1919. 

From January March, 1919, Captain Tomlinson served Manager for 
the Central Zone, Professor, and Special Secretary the Employment 
Service Chicago. The work this organization was that obtaining em- 
ployment for engineers and other professional men then being discharged from 
the Army and Navy. was discontinued when Congress failed appropriate 
funds for its support. 

From April, 1919, February, 1920, Captain Tomlinson was Assistant 
Secretary for the American Association Engineers charge railroad 
and employment work, and from February, 1920, until December, 1921, 
was Assistant Engineer the Technical and Structural Bureaus the 
Portland Cement Association. His work during this period consisted 
preparing new technical and promotional booklets concrete, distributing 
literature, answering technical inquiries, and managing lecture work. From 
January, 1922, until his death August 1924, held the position 
Manager the Railways Bureau the Portland Cement Association, and 
such was engaged educational and promotional work railway uses 
concrete. was the author series educational bulletins this subject 
and factors good concrete work. 

1919, Captain Tomlinson was married Leonore Lucas who, with 
adopted child, survives him. had always been active various sports, 
particularly tennis, and his death occurred from heart failure the tennis 
courts Evanston, 

was member the Western Society Engineers, the Chicago Engi- 
neers Club, the Illinois Athletic Club, the Technology Club Chicago, 
which was Secretary 1921, and various other local associations. 

Blake, Am. Soc. E., President the Technology 
Chicago, states that “the number Captain Tomlinson’s friends was limited 
only his acquaintanceship, which stretched from one end the country 
the other”. Another tribute from one his many friends, follows: 
cannot forgotten; has worked with and for all every 
condition.” 

Captain Tomlinson was elected Associate Member the American 
Society Civil Engineers May 28, 1923. 


